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Abstract

This Physica Resources Specidist Report provides the detailed background and
information analysis for the affected environment and environmental consequences of the
dternatives andyzed in detall in Chapter 3 of the Forest Service Roadless Area
Conservation Final Environmenta Impact Statement (FEIS), November 2000. The
anaysis focuses on seven key measures to compare and contrast dternatives: (1) Water
Quantity and Timing, (2) Water Qudity and Drinking Water Source Aress, (3) Channel
Morphology, (4) Soil Loss, Sedimentation, and Soil Productivity, (5) Landdides, (6) Fire
Effects on Watersheds and Burned area Emergency Rehabilitation, and (7) Air
Resources. The report contains an analysis of optiona socid and economic mitigation
measures as well as an analysis of indirect and cumulative effects. The report focuses on
the environmental consequences of four aternatives that would, to varying degrees,
prohibit road congtruction and recongtruction and timber harvesting in inventoried
roadless areas on National Forests and Grasdands. Of the four alternatives considered,
Alternative 3 provides the most beneficia affects for weter, soil, and air resources
because it: (1) prohibits the most road construction and reconstruction, (2) prohibits
timber harvest designed exclusively for commaodity production purposes, (3) dlows
timber harvest for stewardship purposes, and (4) alows management practices that help
minimize increasesin large, savere wildfires thet can damage water, soil, and air
resources on Nationa Forests and Grasdands aswell as on adjacent and downstream
lands managed by other entities.

Backqground and Proposal

Inventoried roadless areas comprise roughly 58.5 million acres, or roughly 31% of
Nationa Forest System (NFS) lands. Inventoried roadless areas have inherent
characterigtics and vaues that are becoming scarce in an increasingly developed
landscape. While the NFS inventoried roadless areas represent about 2% of the tota
landbase of the United States, they provide significant opportunities for dispersed
recreation, sources of public drinking water, and large undisturbed landscapes that
provide privacy and seclusion. In addition, these areas serve as bulwarks againg the
gpread of invasive species and often provide important habitat for rare plant and animal
species, support the diversity of native species, and provide opportunities for monitoring
and research. For a more complete description of the background and proposa see
Chapter 1, Purpose of and Need for Action, in the FEIS.

To conserve inventoried roadless areas, the United States Department of Agriculture
(USDA) Forest Service proposed and analyzed arange of dternatives to prohibit certain
activitiesin these areas. The FEIS presents these dternatives to the deciding officid to
ad declaration of afind decison

The FEIS contains four prohibition aternatives, four Tongass dternatives, and alist of
mandatory and optiona exceptions that modify the dternatives to meet specific legd and
other needs. See Chapter 2, Alternatives Considered, in the FEIS for amore detailed
discusson of thisinformation.
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Analysis - Coverage

This andyds covers the effects of the Prohibition Alternatives and Tongass Alternatives.
The genera assumptions listed below cover al dternatives as do the genera physical
resources introductory statements. The affected environment narrative associated with
each specific measure (water quantity and timing, landdides, etc.) appliesto dl
dternatives. The affected environment narrative for each measure isimmediately
followed by a comparison of effects by dternative for that measure.

Analysis — General Methods

The andysis of effects of the various dternatives required a generd rather then site-
specific gpproach that might be employed for a project where the anadlyst has detailed,
gte-specific information on hydrology, soils, vegetation, geology, climate, and smilar
characterigtics. Thislack of specificity required a more generd andysis of the likelihood
of effects of various activitiesin regions of the country with Smilar characterigics such
as those defined by Bailey (1995) or another grouping method.

The mogt efficient way to accomplish this task was through a literature review on the
effects of various land management activities on water, soil, geology, vegetation, and air
resources in these generd regions of the nation. Fortunately, avast array of literature is
available on these topics from decades of research and adminigtrative studies performed
by government, university, industry, and other sources. The chdlenge was to synthesize
the available knowledge and present it in a reader-friendly manner. A number of

excellent synthesi's papers were available that alowed an efficient andyssand

presentation of avallable knowledge. Severd works proved particularly vauable,
including Anderson and others (1976), Chamberlin and others (1991), DeBano and others
(2000), Elliot (In Press), Furniss and others (1991), Hornbeck and others (1993), Lull and
Reinhart (1972), Neary and Hornbeck (1994), Sedell and others (2000), Swanston (1991),
and USDA (2000h). These and other papers led to additiona landmark studies that were
sought out and included in thisanayss.

Severd measures (drinking water source areas, areas not meeting water quaity standards,
liklihood of soil loss and sedimentation, susceptibility to landdides, and Class| air

quality aress) lent themsealves to a generd map analysis displaying liklihood of effects as
they relate to specific watersheds, inventoried roadless areas, or both. In these cases
overlays of map products were performed to highlight areas or watersheds of concern.
More detall isgiveninan Analysis M ethod Note in the discussion of particular
measures.

Changes Since the DEIS Specialist Report

Based largely on concerns identified during the Roadless Area Conservetion Draft
Environmental Impact Statement (DEIS) comment period, a number of improvements,
additions, and changes were made that are reflected in the FEIS and this Physical
Resources Specidist Report. Mgor changes are listed below.




Roadless Area Conservation FEIS Physical Resources Specialist Report

Smplified Language: A specific effort was made to smplify terms through imination

of jargon and providing better explanations in the main body of the FEIS text and
glossy. For example, the term, mass wasting was replaced with landslides snce this
term ismore familiar to most people. Water shed Health was replaced with Physical
Resour ces to be more specific and provide more recognition to important air resources.

Best Management Practices: Many members of the public were interested in seeing
additiond information in the FEIS rdated to the role of Best Management Practices
(BMPs) in controlling nonpoint source pollution from road congtruction, reconstruction,
timber harvest, and related activities. The FEIS and this report contain a more thorough
discussion of BMPs.

Landdide Susceptibility Acres. Additional and refined information from forests and
regions, particularly in relaion to pecid designated areas, revised the acreage estimates
for inventoried roadless areas from gpproximately 54 million acresin the DEISto
approximately 58.5 million acresin the FEIS. A rerun of the overlays of landdide
susceptible lands with the revised inventoried roadless area acreage resulted in arevision
of Table 3-9in the FEISand Table 1 in this report.

Fire Effects on Watersheds and Burned Area Emergency Rehabilitationt The extremdy
active 2000 fire season placed a specia emphasis on fire-rdated analyssin the FEIS.
Thisis particularly true following concern generated by the Cerro Grande fire that burned
around and into the Los Alamos Nationd Laboratory and the city of Los Alamos, New
Mexico. The discussions of fire effects on watersheds aswell as Burned Area
Emergency Rehabilitation (BAER) were strengthened congderably in the FEIS.

Class| AreaMap: Commentors pointed out two inadequacies in the map displayed as
Figure 3-16 in the DEIS that shows Class | ar quality protection areas. (1) The map
depicted more Class | areas than actudly exigt, and (2) the smdl size of the map scade
made it difficult to read and interpret. The revised map in the FEIS (Figure 3-19) and in
this report (Figure 5) show the correct number of areas and locations, and the figure is
shown & full- page scae to improve readability and interpretation.

Globa Climate Change and Carbon Sequestration: Many members of the public
expressed concern over the potentia effects of the aternatives on Globa Climate Change
and Carbon Sequedtration, which the DEIS did not address. The FEIS and this report
address these issues at some length in the Air Resources section, supported by numerous
additional references.

Socid and Economic Mitigetions: The FEIS considers an exception for road construction
and resongtruction for minerals exploration activities to mitigate socia and economic
impacts on this industry should road construction and reconstruction prohibitions
eliminate these activities. The FEIS and this report discuss the environmenta effects of
these mitigation measures.

Indirect and Cumulative Effects The DEIS contained a somewhat limited analys's of
cumulative effects related to physical resources. The FEIS contains a more thorough
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andysis of these effects. This peciaist report contains a further expanded version of the
anayss presented in the FEIS.

Hydrologic Unit Code Description: To aid reeder understanding of the heirarchy of
hydrologic unit codes (HUCs), and how they relae to the dternatives and cumulative
effects, this report contains a brief description of HUCs dong with an example to
illugtrate how these hydrologic units are used at the nationd forest and rangeland leve.
This description islocated in the section on indirect and cumulative effects.

References. The expanded sections on BMPs, Globa Climate Change/Carbon
Sequedtration, Fire Effects, BAER, and Socid and Economic Mitigations resulted in a
substantiad number of additiona references to addressthese topics. Severa additiond
references recommended by the public are dso included.

Glossary: The FEIS expanded the Glossary of terms to help readers better understand the
document. Key glossary terms relative to physical resources are included in this

specialist report.

Assumptions - General

Population - Growing populationsin urban and rura areas will increase demand for
reliable quantities of high qudity water for domestic and indudtrid purposes. Thisis
generdly true across the nation but particularly in the Southeast, south-central States,
Intermountain West, and Pecific Southwest. The Lower Colorado, Great Basin, Pecific
Northwest, and Cdiforniawater resource regions each obtain sgnificant portions of their
water from NFS lands (Sedell and others 2000).

Water Supply - Nearly 3,400 communities currently obtain water from watersheds
containing NFS lands (Seddl and others 2000). The number of communities and the
number of tota users of water flowing from watersheds containing NFS lands will
continueto increase. In the West, NFS lands often occupy a significant portion of a
watershed, while NFS lands in the East commonly occupy only asmal percentage or
very headwaters of source watersheds.

Watershed Sze - Land management activities can favorably or adversdly affect water,
soil, and air resources. The probability of measuring and detecting the effects of many
activities on watershed resources, such as temperature or water yield changes, generaly
increases as the size of the watershed decreases. The effect of a specific activity may be
undetectable within alarger 4th level (approximately 500,000 acre) watershed but that
same activity may be detectablein asmaller 6 level (gpproximately 10,000 to 50,000
acre) watershed. This effect ismainly due to the percent of tota trested areawithin a
given watershed. Thismay not be true for al parameters, however. For example,
channel aggradation may not be evident in steep headwaters streams but becomes
measurable in lower gradient sections of larger watersheds.

Proximity to Water - The potentia risk of an activity effecting watershed resources
generdly increases with proximity to the water body itself. Roads or harvest units
adjacent to or near water bodies generaly have a higher likelihood of impacting the water

4
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than a similar activity further away from the water. Impacts from eventslike landdides,
may be evident many miles downstream, however.

Harvest Unit Activities - Timber harvest sde areas may include one or more harvest
units. The harvest unit includes two generd types of activities that may affect water, soil,
and air resources. (1) the cutting of the trees themsdlves, producing logs and dash, and
(2) the trangportation system within the harvest unit to move logs and other materidsto
the designated road system. This trangportation system within the harvest unit may
include trails made by skidders or felling and bunching equipment, skid roads, skid trails,
log decks or log landings, setup points for cable yarding systems, and connecting spur
roads. The effects from cutting the trees can have environmenta effectsin addition to the
internal trangportation system needed to move harvested materids to the mill. The skid
roads, landings, and smilar transportation links associated with the harvest unit are
separate from the classified roads considered in this proposal. Classified roads are
designed and constructed to different slandards and, as such, have separate environmental
effects.

Road and Drainage Networks- Drainage patterns and roads are both networks, but they
generdly run perpendicular to each other i.e. roads usudly cut across dopes while

streams flow down dopes.  Understanding the interaction of these networksis key to
estimating road effects of watersheds (Wemple and others, 1996). Common effects of
roads on watersheds occur where roads intersect drainages. A dense road network
interacting with a dense stream network will have a higher likdihood of effectsthan a
limited road network overlaying a sparse drainage pattern. A complicating factor in steep
terrain is the movement of landdide debrisinitiated by roads moving far from the point

of origin. Roads located adjacent to water bodies are often a direct source of sediments
and other pollutants and increased flow volume,

BMPs and Contract Requirements- Using the mog up-to-date BMPs for the design,
operation, and maintenance of forest roads and timber harvest will prevent or mitigate most
sgnificant impacts to watershed resources. BMPs represent the state of current knowledge on
preventing pollution from nontpoint sources. However, roads and timber harvest activities
can ill have long-term impacts on physical and biologica watershed resources, particularly
where precipitation and runoff events exceed the design criteria of the BMPsimplemented.

Ground Disturbing Activities - Kegping soil in place by preventing erosion by water or
wind is paramount to maintaining healthy watersheds and airsheds. Preserving ground
cover is generdly the most effective means of preverting accelerated erosion.
Alterndtives that limit ground-disturbing activities are generdly preferable from awater,
soil, and air resources standpoint.

Stewardship Treatments- Alternativesthat alow timber harvest for sewardship reasons
would enable managers to implement actions to treat insect and disease outbresks and
reduce therisk of large, damaging wildfire and the resultant effects on water, soil, and air
resources. Alternatives that completely prohibit tree cutting could limit managers
trestment optionsin high-risk aress.
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Large Fire Rehabilitation - A strong pogtive correlation exists between the number of
large, damaging wildfires and the need to implement Burned Area Emergency
Rehabilitation (BAER) evaduations and trestments. Y ears or regions with few large fires
have few BAER actions while years or regions with lots of these fires have substantia
BAER ativity. Alternatives that result in more, large damaging wildfires will likely

have more BAER activity.

Physical Resources

Water, soil, and air resources have measurable characterigtics that operate within naturaly
variable ranges of values Water yidd, timing, and qudity, soil eroson, ar qudity, and
other characteristics can vary widdy, even in undisturbed situations. Land management
practices, such as road construction and reconstruction, timber harvest, prescribed burning,
and other amilar activities, can affect these vaues, and their varigbility. Sometimes the
effects are within natural ranges, sometimes they are not. The most common effects of road
congtruction and recongtruction and timber harvest activities on water, soil, and air
resources are loss of ground cover vegetation, soil erosion and compaction, loss of ol
productivity, increased potentia for landdides, reduced transpiration (use of water by
plants), increased water runoff, reduced water quaity, and reduced air qudity. In this
andysis, the specific characterigtics discussed are water quantity and timing, water qudity
and drinking water source areas, channel morphology, soil loss and sedimentation, Ste
productivity, landdides, air resources, effects of fire on watersheds and burned area
emergency rehabilitation.

Roads have long been recognized as the primary human-caused source of soil and water
disturbancesin forested environments (Patric 1976; Egan and others 1996). Most impacts
occur during initid road congtruction and then gradualy decrease as roadside vegetation is
reestablished and disturbed soil surfaces stabilize. Effects, such aslanddides, may persst
when aroad permanently undercuts unstable soils or landforms, or when roads are
disturbed by road maintenance. Periodic maintenance activities can cause some of the
impactsto briefly, but repestedly, recur. Areas of particular concern are the road surface
and associated drainage structures such as ditches and water crossings (bridges, culverts,
and fords). Poorly maintained roads can result in greater impacts as surface water is
diverted, culverts plug, and other road design characteristics are compromised. Lack of
maintenance commonly has detrimental effects on water, soil, and air resources.
Insufficient maintenance funding is akey reason for lack of adequate road maintenance
(USDA Forest Service 2000h).

Temporary road construction has most of the same effects as permanent road construction
but generdly for ashorter term and for amore limited physical extent. Long-term effects
can occur if temporary roads receive extended use, and they are not decommissioned.
Generation of sediment within timber harvest unitsis most strongly related to roading

and associated facilities (skid roads and trails, log landings, etc.) that are needed to
remove logs, as opposed to tree cutting (Anderson and others 1976). Skid roads and
tralls, log landings, and smilar disturbances within the sale area are the main cause of

s0il erosion and can contribute up to 90% of the sediment generated by timber sale
activity (Patric 1976; Swift 1988).
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Until recently, poorly managed timber harvest activities have been amagjor source of
sediment from timber sale areas (Stone and others 1979; Martin and Hornbeck 1994).
Generdly, monitoring has shown compliance rates for implementing best management
practices to be between 85% and 98%, with compliance rates increasing over time as
awareness and training programs take effect (Stuart 1996; State of Oregon 1999; State of
Montana 1998; Phillips and others 2000). Results vary between States and ownerships,
with Federd lands and large forest industry entities showing highest compliance, but
amdl non-indudtriad landowners with little access to professond forestry assstance
falling behind. A recent report from Oregon found overal compliance rates of 98% to
99% across al ownership classes (State of Oregon 1999), while astudy in Maine
reported only 34% of BMPs with compliance rates grater than 80% (State of Montana
1998; Universty of Maine 1996).

Although, BMPs do not completely diminate water quadity impacts, they do reduce
impacts to acceptable levels. “ Best management practices may not be completely
effective, but they do provide aleve of protection that the states and the Environmenta
Protection Agency judged sufficient to meet the goas of the Clean Water Act” (Ice and
others 1997). “ Audit results showed that 96 percent of the individual practices audited
were effective in protecting soil and water resources’ (State of Montana 1998). “When
used, the forestry BMPswork well” (University of Maine 1996). Concern remainsin
some aspects of BMP compliance, however. For example, reports from Maine, Montana
and Oregon dl cited below average compliance rates with road maintenance, road
drainage, and temporary crossings (State of Montana 1998; University of Maine 1996;
State of Oregon 1999). These aspects of BMP compliance may require additiona
education and compliance reviews. Although some excdllent work is under way on
asessing the effectiveness of best management practices, additiond work is need isthis
area (Seyedbagheri 1996).

Currently, dl Forest Service permanent and temporary roads needed for timber sdes are
designed and constructed using water, soil, and air BMPs that meet or exceed those
required by individua States under Environmental Protection Agency (EPA) direction.
Current road design and management criteriaincorporate the latest knowledge and
experience, resulting in fewer effects, such as surface eroson, landdides, sedimentation,
and dust emissions, on water, soil, and air resources. Proper design and construction of
new roads and maintenance of existing and new roads can limit but not eiminate these
effects (USDA Forest Service 2000h).

Water Quantity and Timing

Affected Environment

Water flowing from NFS lands comprises about 14% of the total annua average water
yield in the United States. This contribution is roughly 3% in the East and 33% in the
West (Sedell and others 2000).

Roads affect the quantity and timing of stream flow by intercepting, concentrating, and
diverting runoff (Furniss and others 1991; USDA Forest Service 2000h). They can
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indirectly affect annud flow volume, since they replace trees that use weter. Weter
otherwise used by trees would become available for runoff or entry into the soil.

Water Quantity — Most experts concur that the relative effects of individud timber
harvesting and roading activities on flooding decreases as watershed Sze increases. The
extraflow generated in smaller watersheds becomes less evident as it joins flows from

other watersheds and continues downstream (Anderson and others 1976; Stone and others
1979; Hewlett and Doss 1984; Thomas and Megahan 1998; Ziemer 1998; Elliot in press).
Similarly, numerous harvest units and roads in multiple sub-watersheds of alarger
watershed generdly do not yield proportiond increases in floods. Additiona water from
smaller units enters the main stream at different times. This action desynchronizesthe

flows, moderating net flow increases.

Effects of land uses, such astimber harvest and roading, are more evident during small
and moderate storm events but are less important in large slorm events (Hewlett 1982;
Bosch and Hewlett 1982). Large runoff events are generdly the result of large volume or
extended periods of precipitation or snowmelt runoff that exceed the capacity of the ol
to hold additiona water (Lull and Reinhart 1972; Swanston 1991). Thisistrue regardiess
of the land use practices.

Timber harvests can cause an increase in total annua water yield, whereas roads are
unlikely to have asmilar effect, mainly because harvests tend to cover more area than
roads (USDA Forest Service 2000h). Changesin total annual water yield would most
likely be detected where there is abundant moisture to begin with, and where the soil has
less ability to absorb additiona water such asin the coagtd forests of Cadifornia, Oregon,
Washington, and Alaska (Regions 5, 6, and 10) (Harr 1983; Kattelmann and others 1983;
Ziemer 1987). Studies in Eastern forests indicate that at least 20% to 25% of the basd
areain agiven watershed must be removed to produce detectable increasesin annuad

flow (Douglass 1967; Hornbeck and others 1993).

Changesin total annud water yield are generdly less detectable in the drier climates of

the Interior West and Southwest where additional water is quickly used by the remaining
plants or islost through evaporation (Schmidt and Solomon 1983). Harvest levels on NFS
lands in the Southern and Eastern regions (Regions 8 and 9) are generaly too small to
generate measurable change (Hornbeck and others 1993; Lull and Reinhardt 1972).
Water-yidd returning to normd levelsisin direct proportion to how quickly the ste
revegetates. Regrowth in the East and in humid parts of the West isragpid, and flows
return to normal levels 6 to 10 years after harvest. Sower growth in drier parts of the
country may extend the recovery period to &t least twice aslong as that expected in wetter
regions of the U.S. (Stone and others 1979).

Runoff Timing — Timing of water runoff (how quickly awatershed generates runoff and
the time it takes for that water to travel downstream) can change as roads and related
drainage structures intercept, collect, and divert water. This accelerates water ddlivery to
the stream, more water becomes storm runoff, which increases the potentia for runoff
peaks to occur earlier, be of greater magnitude, and recede more quickly than in unroaded
watersheds (Wemple and others 1996).
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Vegetation cover remova through timber harvest can dso change flow timing. In conifer
forests, such asin the Intermountain West, where the mgority of precipitation is
snowfall, openings in the forest canopy can capture more snow and ddliver it earlier
during spring runoff (Leaf 1975; Troendle and King 1985; Troendle and King 1987). In
ran-dominated Western conifer forests, flows from harvested areas are greater toward the
end of the summer dry period than are flows from uncut forests, but the flow differenceis
minima once soils are resaturated by fal rains (Ziemer 1998). Harvesting hardwood
forests and areas that recelve the mgority of precipitation from rainfdl deivers more
water in the late summer or early fdl. This pattern can supplement low flows during these
times and can be beneficid to fish and other aquatic organisms during water- stress
periods (Anderson and others 1976; Stone and others 1979; Swank and others 1988;
Kochenderfer and Hornbeck 1999).

Changes in water timing are most likely to occur in areas with large amounts of timber
harvest and roading Since these activities have the highest potentid to dter natura
hydrologic processes. Areas with greater variability in seasona precipitation and runoff,
such asthe arid and semi-arid portions of the West, are more sendtive to changesin flow
timing than areas with more even rates of precipitation and runoff such asthe humid
portions of California, Oregon, and Washington, and the Eastern United States. Changes
in the magnitude of flood pesaks and seasond low flows are more evident in drier climates
(Neary and Hornbeck 1994). The Northern, Intermountain, and Pacific Northwest
Regions, respectively (Regions 1, 4, and drier portions of 6) are most likely to experience
early runoff during a storm, since they have relatively high planned harvest levelsand are
located in drier climates. Even though the Alaskan region (Region 10) has the largest
volume of scheduled timber harvest in inventoried roadless aress, its yearlong
precipitation would make any potential changesin runoff pesks or timing difficult to
detect.

The USDA publication, “ Forest Service Roads: A Synthesis of Scientific Information,”
(USDA Forest Service 2000h) summarizes most of the effects of roading and timber
harvests on hydrologic regimes.

Collectively, these studies suggest that the effect of roads on basin stream flow is
generdly smdler than the effect of forest cutting, primarily because the area occupied
by roads is much smaller than that occupied by harvest operations. Generdly,
hydrologic recovery after road building takes much longer than after forest harvest
because roads modify physica hydrologic pathways but harvesting principdly affects
evapotranspiration processes.

Alternative 1 — No Action

NFS lands data shows 1,160 miles of planned roads through 2004 for both timber harvest
(623 miles) and other activities (537 miles). Forests dso plan to offer 1.1 BBF (billion
board feet) of timber during this same period. Region 10 accounts for the largest portion
of the timber offer (49%), followed by Region 4 (18%), and Regions 6 and 1 (8% each).
Region 10 dso plansto build the most roads (31%), followed by Regon 4 (23%), Region
1 (12%), and Region 2 (11%).
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Roads and timber harvest activities would be designed and implemented to meset all
applicable BMPs and timber sde contract requirements, since adherence to these
principlesisimportant to maintaining optimal water yield and timing from the disturbed
area. However, snce BMPs and sde requirements are designed for specific maximum
storm/runoff events, sorms or runoff that exceed these parameters have some risk of
causing on-gte or downstream adverse effects.

Average annua water yieds would most likely increase where annud precipitation is
abundant (although difficult to detect), such asthe coasta portions of Regions 5 and 6
and on the Tongass Nationa Forest. Average annua water-yield volumes would not be
likely to change in the drier portions of the Interior West, even where harvests would be
heaviedt, or in the East where harvest volumes and roading would be modest.

Regions 1 and 4 would be the most likely to experience increases in flood flows,
especialy where harvest units or roads are located in smal headwater areas and aso
during smdl and moderate sorm eventsin late summer.

Alternative 2

This dternative would diminate roughly 75% of planned road congtruction (867 miles)
and about 73% of the planned timber offer (840 MMBF [million board feet]) in
inventoried roadless areas through the year 2004. The remaining 25% of road miles are
exempt from the prohibitions for avariety of reasons. The reduction in road miles would
reduce disturbance the most in humid areas with high stream densities that require the
most drainage structures and crossings such as the wetter parts of Regions 5 and 6 and
Regions 8, 9, and 10.

Reductionsin timber offer would be dramatic in Region 10 with a 95% drop (512
MMBF), followed by a 67% drop in Regions 4 (134 MMBF), and a 49% drop in Region
9 (39 MMBF). Compared to Alternative 1, flood flow changesin Regions 4 and 1 would
be less likely due to lowered timber harvests. Detecting changes in flood flows,

especidly larger flow events, would be less likdly in other parts of the country. Average
annua water yidds, even in humid parts of the country, would be closer to those found in
undisturbed forests due to the reduced timber harvest.

Alternative 3

The effects of this aternative on water quantity and timing would be smilar to those
under Alternative 2. Reductionsin roading are the same, but eimination of al offered
timber, except for stewardship purposes, drops the offer levels gpproximately 85%, and
virtualy diminates harvests in Region 10, which has little opportunity for sewardship
harvests. FHlood flows and average annua water yields would be closer to undisturbed
levels than those under Alternative 2 and would likely be at undisturbed levelsin Region
10.

10
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Alternative 4

Under this dternative, there would be the same drop in road construction as that under
Alternatives 2 and 3, but with dimination of timber offered for commodity and
sewardship purposes. Water quantity and timing, flood flows, and average annual water
yields would be the closest to undisturbed levels under thisdternative. A dightly
increased probability of large fires could increase flood flows and change runoff timing
from burned aress.

Water Quality and Drinking Water Source Areas

Affected Environment

Road congtruction and reconstruction and timber harvest can result in measurable
reductions of water quality by introducing sediment and nutrients, causing abnormal
temperature fluctuations, and through the indirect effects from human use. Site
preparation activities (mechanica, hand treetment, fire, etc.) following timber sdesto
prepare the harvested area for either natural or artificia regeneration can aso affect water
qudity dthough the extent and severity of these activities on NFS lands has decreased
with the reduction in harvest levels and intensity of harvests. Some pollutants are from
road congtruction and maintenance equipment, or are brought into the watershed through
public road use.

Temperature — Road congtruction and reconstruction and timber harvest may cause water
temperature to change where groundwater is intercepted and brought to the surface,
where the stream channd shape iswider or shalower, or where loss of tree cover in
riparian areas reduces shading (Hornbeck and Lesk 1992). Temperatures may rise sharply
in exposed areas and some of those elevated temperatures may then return to normal
levels as water re-enters shaded areas downstream or recelves cool inflow from other
streams or groundwater (Pierce and others 1993). Smaller or shallower streams are
generdly more susceptible to temperature fluctuations than larger or deeper Streams
(Chamberlin and others 1991).

Nutrients — Roading and timber harvest may indirectly affect water qudity by increasing
the release of certain nutrients from the decompasition of timber harvest byproducts
(leaves, branches, and other organic matter). Nutrients, such as nitrogen, phosphorous,
potassum, and cacium, may increase in stream water following timber management
activities. Nitrogen generally shows the most abrupt changes. Tree cutting has less effect
than subsequent Site preparation activities that are used to expedite regeneration
(Hornbeck and Leak 1992). Elevated nutrient levels in streamflow usudly return to
norma in 1 to 4 years (Chamberlin and others 1991).

The U.S. Environmenta Protection Agency (EPA) delegates the responsibility to
implement the Clean Water Act to States and Tribes. The Forest Service works closdly
with States and Tribes to assure Agency management practices comply with their
requirements. Per agreements with many States, the Forest Service is the designated
water-quality management agency for NFS lands. These agreements include specific
procedures to gpply if water quality problems are discovered.

11



Physical Resources Specialist Report Roadless Area Conservation FEIS

Section 303(d) of the Clean Water Act requires States to evauate water quality in light of
State water-quaity standards, report those stream segments that are impaired, and
requires development of atota maximum daily load of pollutants. Although a recent
publication by the Society of American Foresters (2000) raises some concerns over the
accuracy and applicability of 303(d) lists as they pertain to forest management as a source
of nonpoint source pollution, these lists il serve arole in focusing pollution control
effortsin rura areas. Many States have identified impaired stream segments on NFS
lands, and they are working with the Forest Service to determine how to reduce pollutant
impacts and meet total maximum daily load requirements. On NFS lands, many of the
recognized impairments are from sediment, temperature, nutrients, and smilar pollutants
(U.S. Environmenta Protection Agency 1997).

Figure 2 identifies mgjor watersheds with impaired waters that dso contain inventoried
roadless areas on NFS lands. Although the percentage of impaired stream miles within

the watersheds is noted, it does not imply that the impairments were the result of

activities on NFS lands within the watersheds. The impaired stream miles listed below
may come from any ownership within the watershed. Of the 533 watersheds with
impaired waters, 356 (67%) have between 1% and 10% impairment, 146 (27%) have
between 11% and 25% impairment, and 31 (6%) have more than a 25% impairment. The
map shows watersheds with water quaity concerns and provides a basis for eva uating
the likelihood of impact by implementing additiond land management activities.

Drinking Water Source Areas — There are more than 2,000 mgor watersheds in the
United States and Puerto Rico. Of these watersheds, 914 contain some NFS lands, and
661 of those contain inventoried roadless areas. Stepping this number down farther, 354
(55%) are source areas that provide water to facilities that treat and distribute drinking
water to the public (U.S. Environmenta Protection Agency 1997; Seddll and others
2000.) No data exist for Alaska, Hawaii, or Puerto Rico). About 150 of the source
watersheds in Figure 1 have some use restrictions, such as the watersheds that service
Santa Fe, New Mexico; Portland, Oregon; and Sesttle, Washington. Most others provide
awide range of multiple uses. Asrequired by the 1996 amendments to the Safe Drinking
Water Act (U.S. Environmental Protection Agency 1997) al watersheds that provide
public drinking water will be delineated, assessed for risks, and reported to the EPA by
May 2003.

Analysis Method Note: Figure 1 was created by overlaying the Roadless
GI S database of inventoried roadless areas and the EPA database of
watersheds that are drinking water source areas. Watershed boundaries
are taken from the EPA Index of Watershed Indicators (USEPA 1997),
which uses boundaries provided by the US Geologica Survey. Figure 1
shows only watersheds that (1) have NFS lands, (2) have inventoried
roadless areas on those lands, and (3) yidd water to treatment facilities

that provide drinking water for public use. The EPA drinking water
database (USEPA 1999a) does not contain information for Alaska or
Puerto Rico.
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Tt s

Figure 1. Watersheds containing drinking water source areas within inventoried

roadless areas on National Forest System lands.

(Roadless Database 2000; U.S. Environmental Protection Agency 1997)

Analysis M ethod Note: Figure 2 was created by overlaying the Roadless
GI S database of inventoried roadless areas with watershed boundariesin the
EPA Index of Watershed Indicators (USEPA 1997), and the EPA database
of watersheds with Clean Water Act Section 303(d) violations (USEPA
1999h). Figure 2 shows only those watersheds that (1) contain NFS [ands,
(2) have inventoried roadless areas on those lands, and (3) have known
water qudity vauesin violaion of sate water quaity standards within the
watershed regardless of land use or ownership. The UEPA groups datainto
five categories of percentage ranges of stream miles within awatershed thet
fail to meet water quality standards: O percent, less than 5%, 5 to 10%, 11 to
25%, and more than 2%. Figure 2 does not show the 0% class, combines
the next two classesinto a 1 to 10% class, and displays the remaining two
classes as depicted by EPA. Showing three classesin Figure 2 avoids
difficulty in diolaying five dlasses of gray scdein the black and white

printed FEIS and allows the reader to focus on the watersheds of concern
where water qudity problems are grestest. Thisanalyss was performed to
display watersheds that aready have water quality concerns regardless of
ownership or land use. The andysis of effects assumesthat dternatives

with the least ground disturbing activities will aso be the least likely to
exacerbate water qudity in watersheds with existing problems.
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Figure 2. Impaired watersheds that contain inventoried roadless areas.

(Roadless Database 2000; U.S. Environmenta Protection Agency 1997)
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Alternative 1 — No Action

This dternative has the highest levels of timber offer and roading and therefore, hasthe
highest probability of changesto water quality compared to the other aternatives.
Although these ground- disturbing activities are closdy monitored and use BMPs, the
highest likelihood of water qudity impactsisin the less frequent but higher volume
precipitation and runoff events. In Regions 5, 6, and 10, and the wetter parts of Regions 1
and 4, high runoff can be caused by rain-on-snow events and large sorms that swveep in
off the Pacific Ocean. The harvest and roading levelsin Regions 10, 4, and 1,
respectively, and in severd coastal forestsin Regions 5 and 6, are most subject to these
events and thus, have a high probability of impacting water qudity.

In the drier parts of the Intermountain West and Southwest, rapid spring snowmelt runoff
and intense spring and summer thunderstorms produce the most runoff and eevated flood
peaks. High-risk seasons in the East are infrequent rain-on-snow events in the late winter
and early soring, violent thunderstormsin the late oring to early fall, and precipitation
from tropical storms and hurricanes along the Gulf Coast and the Atlantic Seaboard. The
highest likelihood of changes to water quality occurs in these key regons during periods
of highrisk of eroson and runoff. Adding miles to the dready under-maintained miles of
NFS roads would increase the probability of additiond water quality impacts.

Road construction, reconstruction, maintenance, and timber harvest activities affect
watersheds. There s particular concern for watersheds that serve as drinking water source
areas. Roads tend to contribute sediment, while timber harvest contributes sediment and
nutrients. Due to the high leve of roading and timber harvest, the greatest likelihood of
impacts to watersheds that are drinking water sources isin New Hampshire (White
Mountains), Virginia, West Virginia, Georgia, Tennessee, North Carolina (Appaachian
Mountains), Oregon and Washington (Cascades), |daho, western Montana, western
Wyoming; the Serras, and Cdifornia (northern coast).

The most common concern with impaired waters in forested landsis that sediment |oads,
nutrients, or temperature changes might further degrade water quaity. Timber harvest
operations and roading can affect these water quality parameters, epecialy during high
runoff events. Based on the planned roading and timber offer levels, the highest
likelihood of weater qudity impactsisin the forests of Vermont and New Hampshire,
Virginia and West Virginia, north Georgia, [daho and western Montana, eastern and
southwest Oregon, and coastd northern Cdifornia

Alternative 2

The eimination of about 75% of the planned roading and the associated 73% reduction in
timber offer would affect water quality, particularly in regions and aress highlighted in
Alternative 1. Lower roading and timber offer levels would reduce concerns for increased
sediment and nutrients in drinking water source watersheds. Concerns for increased
sediment, nutrients, and temperature in watersheds with identified impaired water quaity
requiring total maximum daily loads would aso be reduced. Under this dternative, there
would be fewer new road miles needing periodic maintenance.
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Alternative 3

This dternative woud have the same reductions in roading as those under Alternative 2,
but it would further reduce the likelihood of logging impacts by dlowing only
sewardship harvests. Even though Region 10 has little opportunity for sewardship
harvest, the region reports that 52 miles of road construction and reconstruction aretied
to non-timber activities and would likely remain open, causing some concern for water
quaity. Smilarly, Region 1 would offer only 20% of its planned volume but would ill
construct or reconstruct 72 miles (52%) of planned roads.

Alternative 4

This dternative would diminate timber offered for commodity and stewardship purposes.
Reductions in roading are the same as those under Alternatives 2 and 3. The incrementa
reduction in harvest would have fewer effects compared to those under Alternative 3. A
dightly increased probability of large fires could affect the quality of water from burned
areas.

Channel Morpholoqgy

Affected Environment

Roading and vegetation management have the potentia to change stream channel
morphology (structure and form). Undtered streams normdly exist in a state of dynamic
equilibrium where stream shape (dope, width, depth, Snuosty) adjusts to incrementa
changes in sediment and water inputs but retains the same generd shape over time (Lane
1955; Heede 1980). Sizable changesin sediment and water inputs can throw the channdl
out of equilibrium, causng it to adjust to a different form with different functions and
vaues (DeBano and Schmidt 1989a,b; L aFayette and DeBano 1990; Furniss and others
1991; Rosgen 1996).

Stream systems or segments can exhibit vertical ingability (down cutting or filling of the
channd) or latera ingtability (increases or decreasesin stream width). Large additions of
sediment or decreased flow of water can reduce a stream’ s ability to transport the
available sediment, causing the channd to aggrade (fill). Sediment inputs from landdides
or reductions in water flow are examples of adjustments that can cause these changes.
Reducing norma sediment loads or increasing the flow in a stream can increase sediment
trangport and cause the channel to degrade (cut into its bed or banks). Increasing flow
into a channel from road ditch placement or when timber harvests decrease
evapotranspiration are examples of adjustments that can cause these changes.

Pacing roads in floodplains near streams can confine streams, change the shape of the
stream, increase the channel dope, and cause the stream to erode into its bed and banks.
Recovery may take decades. Many streams are still adjusting to changes caused long ago.
For example, changes in the eevation of a streambed may cause gully formation that
continues to erode productive landscapes. Changesin riparian vegetation from strong,
deep-rooted species (such aswillow or alder) to weak, shallow-rooted species (such as
Kentucky bluegrass), or loss of large woody materias can destabilize streambeds and
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banks. Recovery from stream channel dteration is possible. For example, a 12-year
moratorium on sediment-producing activities on the South Fork Salmon River in 1daho
resulted in asizable improvement in channe condition (Chamberlin and others 1991).

Alternative 1 — No Action

Increased water runoff generated from timber harvest areas and road surfaces, and
increased sedimentation from road congtruction, reconstruction, and maintenance would
be highest under this dternative. Channel degradation from increased erosion or
aggradation from increased sediment deposition is afunction of each local Stuation.
Channd degradation is most likely in upper watersheds having steeper dopes and more
runoff energy, but it can aso occur where dopes are more moderate. Sediment from these
upper watersheds may be deposited in downstream channels with flatter dopes, such asin
downstream water supply reservoirs or on lands managed by other entities. Due to the
planned levels of roading and timber offer, Regions 10, 4, and 1, respectively, have the
highest potentid for stream channd adjustments. However, the roading planned for
Region 2, and some loca harvests in mountainous country in the Eagt, hold smilar
concerns.

Alternative 2

Thereduction in roading and timber offer provides a generaly proportionate reduction in
the likelihood of changes in stream channel morphology as outlined under Alternative 1.
Opportunitiesto dter flow or sedimentation are reduced the most in Regions 10, 4,1, and
2, respectively, and in the other specific areas as mentioned above.

Alternative 3

While the reduction in roading is the same as under Alternative 2, the further reduction in
timber offer, except for sewardship activities, under this dternative provides additiona
benefitsin terms of conserving stream channel integrity closer to undisturbed conditions.
Since Region 10 haslittle opportunity for slewardship harvest, both roading and harvest
levelsin that region would be at their minimum levels under this dterndive.

Alternative 4

Elimination of timber offered for commodity and stewardship purposes, coupled with the
roading reductions, provides the most benefits in terms of minimal likelihood of changes
to stream channel morphology. Channels would remain closest to undisturbed conditions
under this dternative. A dightly increased probability of large fires could cause changes
to channel morphology on-site and downstream.

Soil Loss, Sedimentation, and Site Productivity

Affected Environment

Road construction, recongtruction, and maintenance may cause or accelerate surface
eroson and initiate landdide events. Generad surface erosion caused by water washing
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over the soil produces mogtly fine sediment (sand, silt, clay, gravels), while landdides
produce sediment of dl szes including boulders and large organic materids (trees and
root wads). Permanent and temporary road construction and reconstruction can cause
increased risk of surface erosion and landdides, but this varies widdly and depends on
locd dte characterigtics. The planned mileage of permanent and temporary road
construction and recongtruction provides the best estimate of effects from eroson and
Sedimentation.

The greatest concern for soil loss and sedimentation liesin areas where land management
activities, such asroading and timber harvest, occur in conjunction with high
precipitation, steep dopes, soils prone to surface erosion, and terrain susceptible to
landdides. NFS lands with these characterigtics (illustrated in Figure 3) include:

New England highlands of Vermont and New Hampshire,
Centrd and Southern Appaachians,

Central Rockies in Colorado,

Coadtd forestsin California and Oregon,
SierraNevadaMountains of Cdifornia,

Forests in the Cascade Range of Oregon and Washington,
Centra and northern 1daho and western Montana,

High eevation portions of Nevada, Utah, and Wyoming, and
Coadtd areas on the Tongass Nationa Forest in Alaska.

Land occupied by roads is essentidly lost to long-term production of vegetation unless
the road is dlowed to revegetate. Thisis aso true for skid roads, skid trails, and landings
associated with atimber harvest unit. The amount of land occupied by these roads, trails,
and landings varies due to terrain and logging systems used. Western skyline and
helicopter logging uses about 2% of the sale area, while careful tractor skidding in the
East uses from 4% to 5% (USDA Forest Service 2000h).

Regions 10, 4, 6, and 1 would offer the most timber for harvest in inventoried roadless
aress. Region 10 plansto leave most new roads open (85%), while al other regions plan
to close hdf or more of the new roads. Loss of productivity from accelerated erosion and
compaction during timber harvest would affect these same regions, epecidly Regions 10
and 4.

Alternative 1 — No Action

Under this dternative, the planned offer of 1.1 BBF of timber and construction and
recongtruction of 1,160 miles of road poses the greatest potential for soil loss,
sedimentation, and lost soil productivity compared to the other dternatives. Regions 10,
4, 1, and 2 plan the most road construction and recongtruction. Region 10 plansto offer
the most timber volume (49% of the nationd total) and roading (31% of the nationa
tota) in inventoried roadless areas. Asin the discusson on water qudity, the grestest
risks occur during the largest precipitation and runoff events. These events may exceed
the design standards of the road, timber harvest, and related best management practices.
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Application of best management practices and timber-sde-contract requirements are
generdly effective in handling norma precipitation and runoff.

Alternative 2

The gpproximately 75% reduction in roading and associated 73% decrease in timber offer
from inventoried roadless areas would proportionately decrease the risk of soil 1oss,
sedimentation, and soil productivity compared to that under Alternative 1. The grestest
benefits would occur in Regions 10, 4, 1, and 2, respectively, based largely on reduced
road congruction milesge.

Alternative 3

While the reduction in roading is the same as under Alternative 2, this dternative further
reduces impacts by diminating timber harvesting except for sewardship purposes. This
would provide added benefits by reducing the likelihood of soil loss, sedimentation, and
lowered Site productivity.

Alternative 4

This dternative offers the least risk and the most benefit in terms of preventing soil loss,
sedimentation, and soil productivity from timber harvest and road congtruction activities.
The benefits are dightly increased over Alternative 3 based on the eimination of timber
offered for commodity and stewardship purposes. However, additiond potentia exists for
negetive effects due to dightly increased risk of large fires that can cause substantia
erosion, sedimentation, and landdides, both on-ste and downstream.

Analysis M ethod Note: Figure 3 was created by overlaying the Roadless GIS
database and ecosystems at the section level as described by Bailey (1995), then
modified by knowledge of planned timber harvest and planned road congtruction
activities. A map was developed overlaying NFS lands administrative boundaries
and inventoried roadless areas. The product of this map was eectronicaly overlain
with amap of ecosystlems at the section leve, dlowing one to see which nationa
forests and grasdands were located in individual sections. Thefind step in the
process was a comparison of planned timber offer and road construction and
recongtruction data with the NFS lands/section map. Using the description of
Bailey' s sections with particular focus on high rainfdl amounts or intensity, steep
dopes, and ungtable geology; NFS lands with high landdide risk, timber harvest
greater than 5 mmbf between years 2000 - 2004, and more than five miles of
planned road congruction were highlighted as having an increased risk of soil loss
and resultant sedimentation
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Figure 3. Areas with greatest soil loss and sedimentation potential. No data exist
for Alaska, Hawaii, or Puerto Rico.

(Roadless Database 2000; Bailey 1995)
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Landslides
Affected Environment

Landdides (the rapid downdope movement of soil, rock, water, and vegetation including
mudflows, dumps, and debris flows) not only affect physical and biologica watershed
characterigtics but can aso thresten human life and safety. Landdides are recognized,
particularly in many parts of Western forests, as akey source of sediment. Chamberlin
and others (1991) stated that, “It is usudly impossible to harvest ungtable hillsides
without increasing mass movements, however, except perhaps when careful sdlective
logging with helicopter yarding can be done.”

Even ahigh leve of care cannot guarantee avoidance of landdides because |oss of root
grength will increase risk until roots from new vegetation can provide stability (Ziemer
1981; Robison and others 1999). Figure 4 highlights specific areas of concern where
land-disturbing activities, such as road congtruction or timber harvest, have the potentia
to reactivate higtoric landdides or initiate new ones. While dl regions have some areas of
high landdide potentid, certain locations deserve specid attention. Land-disturbing
activities are more likely to occur in the West than in the Eat, increasing the potentia for
landdide events. Table 1 ligs the inventoried roadless acreage with high landdide
susceptibility in some key States. In the West, areas of specid concern include:

Steep dopes in Southeast Alaska,

Southwest corner and northeast and central mountains of Oregon,
Portions of eastern Washington,

Centrad and southeastern mountains of Idaho,

Portions of the mountains of western Montana,

Western edge and northwest corner of Wyoming,

Centra and northeast Utah,

Large portions of centra and western Colorado,

Northern New Mexico, and

North coagtd, north central, and south coastal Cdifornia

While landdides are anatural process in these areas, extensive research and other
investigations in the West indicate that land management activities, particularly roading
and timber harvest, accelerate the incidence of landdides by severd orders of magnitude
(Swanston 1974; Anderson and others 1976; Swanston and Swanson 1976; Sidle and
others 1985; Swanston 1991). Landdides were the principal source of erosion related to
timber harvesting in some parts of the West, even though these dides occupy a smdl
percentage of the land (Rice and Lewis 1991).

The winters of 1995 and 1996 offered unique opportunities to sudy landdidesin the
West. Severe stormsin November of 1995 and February of 1996 triggered thousands of
landdides throughout Cdifornia, Oregon, Washington, Idaho, and Montana. A number of
gtudies examined the relationship of land management activities to landdides. A joint
study by the Forest Service and Bureau of Land Management in Oregon and Washington
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found that of 1,290 didesreviewed in 41 sub-watersheds, 52% were related to roads,
31% to timber harvest, and 17% in undisturbed forest (USDA Forest Service and USDI
Bureau of Land Management 1996). An evauation of landdides initiated by the Sudaw
Nationa Forest found that roads were the source of 41% of the dides, harvest units less
than 20 years old were the source of 36%, while natura forest accounted for the
remaining 23% (USDA Forest Service 1997€).

The Pacific Rivers Council funded an aerid reconnaissance to evauate landdidesin
Oregon and southern Washington in 1966. Of the 651 landdidesin their inventory, 36%
of the dides were related to roads, 71% to harvest units less than 15 years old, and 6% to
naturd forest conditions® (Weaver and Hagans 1996). The Oregon Department of
Forestry did an intense ground survey of 506 landdides and found that most dides were
located in existing forest stands and relatively few were caused by active or old roads,
athough dides from roads were larger than those in other settings (Robison and others
1999). Other studies on the Clearwater Nationd Forest in Idaho (McCldland and others
1997) and the Mt. Hood Nationa Forest in Oregon (DeRoo and others 1998) found that
roads and timber harvest were mgjor causes of landdides.

As an example of the variaghility in regiona landdide susceptibility, two studies of
landdide activity in basdt formations on the west Sde of the Payette Nationa Forest
following 1997 storms showed marked contrast to the much-gtudied landdide-prone
granitic formations in the Idaho batholith on the east Sde of the sameforest. An
evauation of 483 landdides by Dixon and Wasniewski (1998) reveded that 86% of the
dides (mostly small) originated in aress unaffected by management activities, such as
roading or timber management, athough one third of the large dides were management
related. They further found that only 15% were in forested areas, with therest in
grasdands and shrublands. Lesch and Shinn (1997) studied 31 landdides and found that
none were directly related to management activities, such as roads, timber harvest,

mining, or grazing, but originated in unmanaged settings.

a Percentages sum to more than 100% since some landslides are related to both roads and harvest units.
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Figure 4. Generalized landslide susceptibility map for inventoried roadless areas.
No data exist for Hawaii or Puerto Rico.

(Roadless Database 2000; Radbruch-Hall and others 1982)
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Analysis M ethod Note: Figure 4 was cregted by overlaying the Roadless GIS
database depicting inventoried roadless areas on NFS lands, a downloaded digital
versgon of amap from the US Geologica Survey professiona paper by Radbruch-
Hall and others (1982) for the lower 48 states, and a separate digital map for the
Alaska Region produced by Regiond Office GIS and soil specididts.

For the lower 48 ates, the professional paper by Radbruch-Hal and others (1982)
and the related map displayed sx categories combining susceptibility and incidence

nation.

of landdides. The andydis of dternative effectsis most concerned with
susceptibility to landdides so Figure 4 displays areas with high susceptibility of
landdides. Incidence was not used since map data was a diverse mixture of
historical and current data with wide varigbility of information available acrossthe

Similar information on landdide susceptibility from the US Geologicd Survey was
not available for the Alaska Region. Discussions with Forest Service Regiond Soil
Scientist Terry Brock (Brock 2000) concluded that a surrogate for landdide
susceptibility could be derived from terrestrial ecosystem survey data. Andysis of
the data showed that percent dope was the most reliable indicator of landdide
susceptibility, with dopes over 72%, posing a high susceptibility to landdides.
Areasin the Alaska Region with dopes over 72% are displayed in Figure 4.

Table 1. States with more than 100,000 acres of inventoried roadless areas, with
high landslide susceptibility.

Inventoried Inventoried
roadless area roadless areas
Total inventoried acres with high with high
roadless area acres susceptibility susceptibility
State (thousands) (thousands) (%)
Alaska 14,779 1,595 11
Colorado 4,433 1,295 29
Montana 6,397 975 15
California 4,416 789 18
Wyoming 3,257 693 21
Utah 4,013 534 13
Virginia 394 316 80
ldaho 9,322 294 3
North Carolina 172 148 86
Oregon 1,965 143 7
New Hampshire 235 139 59
West Virginia 202 102 50

(Roadless Database 2000; Radbruch-Hall and others 1982)
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Analysis M ethod Note: Table 1 displays only the acreages of inventoried roadless
aress dlocated to a prescription that alows road construction and reconstruction. It
does not include inventoried roadless areas with prescriptions that preclude road
congtruction and recongtruction, such as wilderness areas or other Smilar
congressionally desgnated areas. Thetable also only lists States with more than
50,000 acres of landdide susceptible lands in these parts of inventoried roadless
areas. Twelve other states have lesser acreages with these characteridtics.

Reviewers of early drafts of this report expressed concern that Figure 4 Table 1 left
an impression thet overstated the risk of landdides in the eastern states. A series of
telephone conversations between the author and key Forest Service personnel with
years of loca experience clarified theissue. Forest Hydrologist Joan Carlson on the
White Mountain National Forest in New Hampshire (Carlson 2000), Forest
Hydrologist Richard Burns on the National Forestsin North Carolina (Burns
2000b), Forest Hydrologist Barry Edgerton on the Monongahela Nationa Forest in
West Virginia (Edgerton 2000), and Research Hydrologist James Kochenderfer in
Wes Virginia (Kochenderfer 2000) al confirmed that while the geologic risk may
be present due to dope, parent materia, and other factors, actua occurrence of
landdlides was infrequent and related more to extreme climatic events than land use
activities. While dl four contacts had seen smdl loca dumps related to road
congruction or Smilar activities, none of the events gpproached the magnitude
common in the Western states.

Large or dramatic landdide events in the Eastern forests are rare but do occur (Patric
1976). In the Southern region, the Southern Appaachian Mountains have some areas of
high susceptibility, particularly in eastern Tennessee, north Georgia, western North
Carolina, and southwest Virginia. In the Eastern region, the mountains of eastern West
Virginiaand the mountains in centra New Hampshire dso have high landdide potentid.

Thelikdlihood of accderating landdide incidence due to land management activities
gppears substantidly different in the Eastern and Western parts of the country.
Evauations of Eastern landdides indicate that the cause is generdly extreme
precipitation events, such as hurricanes or intense summer convectional sorms, where
precipitation far exceeds the soil’ s cagpacity to absorb and transmit moisture. In the Eadt,
land use has less effect on landdide initiation than it does in the West (Anderson and
others 1976; Eschner and Patric 1982; Neary and others 1986; USDA Forest Service
2000h; Kochenderfer 2000). Small, locdized dumps and other landdide activities occur
in the East and South, commonly because of improper road drainage (blocked or
undersized culverts), which forces water onto unstable road-fill dopes (Burns 2000b;
Carlson 2000; Edgerton 2000).
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Alternative 1 — No Action

Of the four aternatives consdered, Alternative 1 would have the grestest probability
initiating landdides, with particular concernin Regions 10, 4, 1, and 2, respectively, and
with loca concernsin the coasta forests of Oregon, Washington, and northern
Cdifornia. While modern road construction and maintenance practices are much better
than those used 10 to 30 years ago, specia caution is warranted in areas with high
landdide potential.

Alternative 2

The reduction in timber harvest and roading under this dternative would provide benefits
through reduced probability of landdide events. Regions 10, 4, 1, and 2, respectively,
would benefit mogt, with particular emphasis on Region 10 since that region has
extensve landdide susceptibility yet plans the most timber harvesting and road
congiruction and recongtruction.

Alternative 3

This dternative would share the same reductions in roading as Alternative 2, with small
additiond benefits from further reductions in timber harvesting and associated landdide

susceptibility.
Alternative 4

The dimination of timber harvesting under this dternative would provide some
incrementa reduction of landdide potential compared to Alternative 3. Risk from roading
is unchanged from Alternatives 2 and 3. However, the increased likelihood of
uncharacterigic wildland fire effects as aresult of the eimination of commodity and
gewardship timber harvest increases the probability of landdidesin highly susceptible
areas.

Fire Effects on Watersheds and Burned Area Emergency Rehabilitation

Affected Environment

Fire Effects on Watersheds - Fire can have awide array of effects on watersheds ranging
from very subtle to extreme and dramatic. The degree of effect depends on avariety of
factorsincluding physical site (dope, agpect, eevation, soil type, soil moisture content,
humus and litter type and depth), vegetation (type, dendty, canopy levels), fud (livevs.
dead volume, arrangement, moisture content), and westher (wind speed and direction,
relative humidity, temperature). These factors aso determine the intensity of thefire (the
amount and rate of surface fuel consumption commonly reflected in flame length) and
severity of the fire (ameasure of the effects of the fire on ecosystem components such as
water, soil, vegetation, habitat). Intensity is a good measure of fire behavior, but itisa
poor measure of fire effects on watershed resources. For example, avery intense fire
moving quickly over a Ste may burn the above-ground fuel. However, thistype of fire
may remove little of the soil litter and humus component in a scattered mosaic pattern. A
less intense fire may burn for an extended period over alarge area, removing virtudly al
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above-ground fud and litter and humus layers, exposing bare minerd soil and dtering
soil structural properties. Severity isthe preferred measure to address the effects of fire
on watershed resources.

While managers describe firesin two generd categories (prescribed and wildland fire),
the effects of fire on ecosystem resources is actualy a continuum from very subtle effects
to extreme effects. Some wildland fires can burn a low intengity and severity over large
areas with few effects, while others burn at high intengty and severity with devadtating
effects. Some prescribed fires burn with few watershed effects, while others can cause
serious disturbance over a portion of the burned area. In genera, prescribed fires burn
within carefully described conditions (fuel loads, fud moisture, wind speed, fuel breaks
or barriers), while wildland fires have no such congraints. Therefore, prescribed fires
generdly have fewer watershed effects, while wildland fires have greater impact.

Fire effects can generdly be described in two categories: (1) on-ste, and (2) downstream.
Severd authors have compiled excellent reviews of these effects (Tiedemann and others
1979; Wells and others 1979; Baker 1988; DeBano and others 1998). The following
paragraphs highlight some of the known effects. The degree of these effects depends
largely on the saverity and extent of the fire at awatershed or multiple-watershed scale.
Smadl fireswith low severity will have few of these effects. Large fires over extensve
areas may have many of these effects.

On-gte effects;

Precipitation interception — Fire consumes vegetation that usually intercepts rainfall,
before it affects the ground and detaches soil particles, which results in surface erosion
and eventua sedimentation.

Transpiration — Fire can consume vegetation, reducing transpiration of water and make
more water available for entry into soils or for runoff.

Infiltration and overland flow — Fire burns the litter and humus layers of the soil, ash
seals soil pores, chemica reactions make soils resistant to water entry (hydrophobic),
which can result in water flowing across the soil rather than into it.

Soil water storage — Water fails to enter the soil, reducing its capacity to store water for
later use and increasing flow over the soil surface.

Snowmelt and accumulation — Openings created by fire can increase snow accumulation
on the surface and may increase the rate of spring melt.

Surface erosion — Water running across exposed soil surface causes sheet, rill, and gully
erosion.

Landdides— In parts of the nation with high landdide risk, loss of ground cover and root
strength can increase the number and size of landdides.

Downstream effects.

Flow effects — Increased overland flow can increase flood flows in the elevation of the
flood peak and in total volume o flow. Annual flow volumes may aso increase if alarge
portion of awatershed is burned.

Sediment — Sediment can be generated from surface erosion, and landdides can move
great distances downstream, filling channels, floodplains, lakes, and wetlands, and
damaging structures such as bridges, roads, and homes.
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Channel effects — Channels may fill with sediment, causing water to quickly overflow
banks. Excess water may erode streambeds and banks or change channel shape.
Chemical water quality — Fire can increase nutrients, such as nitrogen, in stream water, as
well as phosphorous, potassium, calcium, magnesium, and other elements and chemicals.

Burned Area Emergency Rehabilitation - Severe impacts may occur on portions of
watersheds that experience large wildland fires, activating a pecid program designed to
handle these emergencies. The Burned Area Emergency Rehabilitation (BAER) program
was developed in 1974 to assess severdly burned areas and to implement treatments to
prevent watershed emergencies (severe erosion, flooding, landdides, etc.) on the burned
area and downstream. Teams of specialy trained professonds eval uate fire effects,
design and ingd| trestments, and monitor the effectiveness of those trestments. Typica
treatments include, but are not limited to, building sediment retention structures in sream
channels, improving drainage on roads and trails, seeding to improve vegetative cove,
mulching bare sails, placing burned trees or other materials on the dope contour to dow
runoff and capture eroded soil, and similar measures (Robichaud and others 2000).

Burned areas are evaluated for trestment needs regardless of their location (Wilderness,
inventoried roadless area, roaded areas, etc.). Decisionsto treat areas are based upon
predicted potential damagesto life, property, and resources. The range of treatments may
vary, however, depending on terrain or management restrictions (such asin Wilderness),
or treatment costs may vary depending on accessibility or other factors.

The vast mgority of BAER activities take place in Regions 1 through 6 athough Regions
8 and 9 have used the BAER program on occason. Thelevel of BAER activities varies
widdly from year to year, depending on the severity of the fire season and the number of
large and damaging fires that occur. BAER activity shifts between regions of the country.
For example, the 1996 season saw considerable activity in the Southwest, intermountain
West, and Cdlifornia. The 2000 fire season was very active in most regions except the
Pacific Northwest. Cdifornia commonly has busy fire years with substantia numbers of
BAER projects.

The number of BAER projects and funding varies widely between years. A very active
fire season occurred in 1996, with 58 projects at a cost of more than $10 million. In 1997,
which was considered a modest year, there were 10 BAER projects that cost about $1.1
million. A relatively quiet year wasin 1998, with only four projects a a codt totaing

about $1.0 million. A significant increase occurred in 1999, with 18 projectstotaing

more than $6.7 million.

The 2000 fire year will be arecord fire year and arecord BAER year both in terms of
projectsinitiated and total funds spent. As of September 16, 2000, the Forest Service
approved 57 projects with more than 12 remaining to be submitted for gpproval. Tota
gpproved funding as of that date was more than $25 million. Projects have treated more
than 200,000 severely burned acres. Treatments included seeding on 78,000 acres (this
includes 14,000 acres of treatment to prevent the spread of nonnative invasive species),
4,000 acres of mulch, 11,000 acres of contour erosion barriers, 390 miles of road
maintenance and culvert improvement, and 71 miles of traill maintenance (Copenhagen
2000).
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Alternatives 1 through 3

Since the number of large wildland fires is expected to increase during the next 20 years,
additiona BAER activities would be required to assess conditions, design and ingtal
treatments, and monitor effectiveness. This expected rate of increase should dowly
diminish as fud trestmentsin priority areas become effective over larger landscapes.
These dternatives would have no short- or long-term effect on the amount of BAER
activity required by the Agency.

Alternative 4

Effects would be smilar to those under Alternatives 1 through 3 except that the number
of large firesislikely to continue to increase dightly after 20 years due to expected lower
rates of fuel trestments. Increased BAER activity is expected as follow-up to these fires
to protect water, soil, and air resources and life and property on-site and downstream.

Air Resources

Affected Environment

Air Quality— Good air qudity is necessary to atain and sustain healthy and vitd
ecosystems. Clean air is an attribute that visitors to NFS lands highly vaue. People
especidly vaue viewing the scenery, being able to clearly see digtant vistas, and knowing
that these values are protected, even if they personaly never experience them.

The authorities for ar resource management on NFS lands include the Nationa Forest
Management Act, the Clean Air Act, and the Wilderness Act. A key focus of the Clean
Air Actison Class| areas. ® There are 163 designated Class | areasfor air quality
protection in the nation. The Forest Service manages 88 of these areas, the Nationa Park
Service manages 49, the U.S. Fish and Wildlife Service manages 21, and American
Indian Tribes manage five. All management activities on NFS lands must consider air
quality related values for dl Class| areas managed by any agency, not just those on NFS
lands. Table 2 displays regions and forests with the highest likdihood of effectsin Class|
areas due to their proximity to inventoried roadless areas. Figure 5 displays Class | areas
managed by the Forest Service, other agencies, and Tribes.

Congress required that the air pollution sengtive resources in these aress, especialy
visihbility, be protected from degradation due to air pollution (Mam 2000). Congress
edablished anationd god to prevent visibility impairment and improve vishility in dl
Class| areas. Regulationsissued by EPA in 1999 specified that States must work closdy
with Federd land managers to establish strategies by 2004 to reduce to a naturd level the
regiond haze that now affectsvirtudly dl Class | aress.

aNational Forest Wilderness Areas, National Parks, or National Wildlife Refuges greater than 5,000 acresinsze, desgnated before
establishment to the Clean Air Act Amendments of 1977. Class | areas can aso include lands designated by Tribes or States. These
areas serve as benchmarks for monitoring changes in air quality over adjacent lands.
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Atmaospheric emissons from road congtruction and use include particulate metter
congsting of suspended fine (<2.5 micronsin diameter) and larger coarse soils, nitrogen,
and volatile organic compounds from gasoline engines, and soot from diesel engines.
These pollutants contribute to visibility reduction. Nitrogen oxides form nitrates and
ammonium deposits that contribute to soil and water acidification and leaching. Nitrogen
oxides and certain volatile organics can react in the atmosphere to form ozone and other
oxidants. At certain levels, ozone is phytotoxic and presents a human hedth risk.
Oxidants are essentid factorsin the chemistry that creates acidification. Ozone, fine
particles, and nitrogen dioxide are criteria pollutants and therefore, States must keep them
at or below the critica levels established by the Nationd Ambient Air Qudity Standards.

Table 2. Inventoried roadless areas near Class | air quality areas.

Region Forest or Grassland

Northern (1) Flathead, Lewis & Clark, Lolo, Nez Perce, Clearwater, Little Missouri
NG

Rocky Mountain (2) All forests in Colorado, plus Bridger-Teton, Shoshone, Buffalo Gap
NG

Southwestern (3) Prescott, Tonto, Gila, Santa Fe

Intermountain (4) Humbolt-Toiyabe, Dixie, Fishlake, Sawtooth

Pacific Southwest (5) Six Rivers, Shasta-Trinity, Lassen, Mendocino, all forests in the
Sierra-Nevada range, Los Padres, Angeles, Cleveland, San
Bernardino

Pacific Northwest (6) Mt. Baker-Snoqualmie, Gifford Pinchot, Siskiyou, Umpqua, Winema,
Willamette, Deschutes

Southern (8) Cherokee, Pisgah-Nantahala, George Washington-Jefferson
Eastern (9) Monongahela, White Mountain
Alaska (10) There are no Class | areas in proximity to inventoried roadless areas
on the Chugach or Tongass National Forests.
(Roadless Database 2000)

Analysis M ethod Note: Table 2 displays the results of a multi-step process to
assess the likelihood of activities planned in inventoried roadless areas impacting
Class | areas managed by the Forest Service or other agencies. A map was
produced combining Forest Service inventoried roadless areas and Class| areas. A
visual inspection of the proximity of inventoried roadless areas to Class | areasled
to the list of nationa forests and grasdandsin Table 2. Impacts of particular
concern that could effect Class | areas were smoke from prescribed fire and wildfire
and dust and vehicle emissions from proposed road construction, reconstruction,
and use.
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In addition to protection of Class| areas, the Forest Serviceis required under Section 176
of the Clean Air Act to ensure that its actions will not cause or contribute to violations of
the air qudity standards or increase the frequency or severity of exigting violations. Any
inventoried roadless areas near nortattainment areas must need to consider impacts on
those aress.

Mechanica or other fuel treatment before prescribed burning in areas with large fuel
accumulations is an important aspect of meeting air quality sandards. The direct remova
of fud reduces potentia Site emissions and indirectly reduces fud consumption and
hence, pollutants. Emissions generated during prescribed burning in untreated forests
could exceed standards, a particularly critical concern in inventoried roadless areas
adjacent to Class | areas or non-attainment aress.

Analysis M ethod Note: Figure 5 isaproduct of the digita overlay of Roadless GIS
database maps of NFS lands and their inventoried roadless areas with maps of dl
Class| areas. Digitd versgons of the Class | area maps are available through the
USDI Nationa Park Service, Denver Service Center (USDI 1994). Information on
non-attainment areas is available through the EPA web site on air resource data
through their offices in Research Triangle Park, North Carolina (USEPA 1999c¢).
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Figure 5. Class | air quality protection areas. No data exist for Alaska, Hawaii, or
Puerto Rico.

(Roadless Database 2000; USDI, Nationa Park Service 1994)
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Global Climate Change/Carbon Sequestration - In responses submitted during the public
comment period to the Draft Environmenta Impact Statement (DEIS) on Roadless Area
Conservation issued on May 10, 2000, many members of the public asked the Forest
Service to disclose the effects of the aternatives on ahost of topicsrelated to

amospheric and air qudity issues not fully addressed in that document. Commentors

used many related terms such as globa climate change, carbon sequestration, globa
warming, greenhouse gasses, desartification, etc. The following section briefly discusses
these topicsin generd terms, relates them to the role of forests and forestry, discusses
drategies to manage forestsin light of global climate change/carbon sequestiration
(GCCICY), discusses the role of NFS lands in the process, and estimates the effects of the
various dternatives on GCC/CS.

Globd Climate Change (GCC): Sommers (1996) reported “Climate change is defined as
being both physica (e.g., globd warming) and chemicd (e.g., acid deposition and
amospheric CO, concentration).” According to Gates (1993), “The world has been
warming for over 100 years and may warm in the future at a rate unprecedented in human
exigence, asadirect result of industry, forest destruction, and agriculture. These

activities result in the accumulation of greenhouse gasses, including carbon dioxide,

nitrous oxide, methane, ozone, chlorofluorocarbons, and others. These compounds, aong
with water vapor, are trangparent to sunlight but absorb infared heat. Their presencein
the atmosphere reduces the loss of heat from the earth’ s surface to outer space — the
greenhouse effect - thereby making the world warmer.”

While estimates vary among researchers, recent data shows increases in average
temperatures of 0.6 °C. over the past 130 years with seven of the ten warmest yearson
record for the earth as a whole during the 1980s and 1990s (Gates 1993). Estimates for
increases over the coming 100 years range from 3.6 to 6.5 °F. (Houghton and others
1996). Smilarly, estimates of the effects of this change dso vary between observersin
the scientific, political, and mediaarenas. However, Seacrest and others (2000) report,
“The consensus of the scientific community isthat plausible scenarios of globd climate
change entail seriousimplications for humanity. Inundation of coasta areas, more
frequent extremes of flood and drought, stresses on habitats and wild species, more
urgent and violent competition for natural resources, agriculturd failures, and new threets
to human hedlth are dl concelvable consequences.” Sommers (1996) reports, “....
resource management will become increasingly difficult. Forest fires and insect and
disease outbreaks will become more common and more severe. Conflicts about water will
become more strident.”

Role of Carbonin GCC: *“The energy that fuels human life and the world' s economy is
available because plants can combine water and carbon dioxide (CO,) to convert solar
energy to carbohydrates through photosynthesis’ (Sommers 1996). A growing world
population requiring food, shelter, energy and other necessities has resulted in accelerated
use of foss| fuels (ancient plant life) and food, shelter, and energy (current plant life).
Using these plants releases CO, into the atmosphere, and in conjunction with other
elements and compounds, resultsin measured increases in temperatures at the global
scde. While carbon is less effective than many other greenhouse gasses & trapping hedt,
the sheer volume of it in the atmosphere and the absolute rate of increase of carbonin the
amaosphere makes it responsible for about 60% of the greenhouse action at the present
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time (Gates 1993). The main sources of carbon dioxide in the atmaosphere include fossi|
fuel consumption and changes in land use, particularly deforestation in the tropics (Joyce
and Birdsey In Press)

Carbon Sequestration (CS): Forest carbon sequestration is the net transfer of atmospheric
CO, into materids that prevent its release back into the atmosphere either in the short
term (afew years) to the long term (tens or hundreds of years). Carbon can be
sequestered in plant materids, such astrees; in materias such as wood products; in
landfills as waste materids, and commonly in the soil and the organic litter on the soil
surface. Therate of buildup varies consderably by temperature, moisture, productivity
of the dite, and utilization of harvested biomass. Some areas are able to sequester large
quantities of carbon for many years while others sequester very little or may lose some of
the carbon stock as emissions (Birdsey 1996). Risng use of fossl fues and plantsfor
food, shelter, and energy have released huge quantities of carbon into the atmosphere,
accderating globad warming. CSisameansto counter globa warming through capture
and long-term sequestration of carbon, delaying its return to the atmosphere. CS serves
as an offset to the carbon added to the atmosphere through burning of fossl fuels, forest
clearing for agriculture, and smilar actions. Currently the rate of carbon emissonsto the
atmosphere far outstrips carbon sequestration and the sze of the ggp (mainly from use of
foss| fuels) between gain and release grows wider each year. Management of forest
vegetation can play akey role on both sides of this equation.

Role of Forests and Forestry: Forests cover between 35% and 40% of the earth’s land
area, account for about 65% of the carbon fixed annually, and store more than 80% of the
world' s organic carbon (Gates 1993). At the arriva of the first European explorers, the
land that now comprises the United States had about 940 million acres of forest.
Subsequent periods of clearing and regrowth since that time have left about 750 million
acres of forest, with the remainder converted to other land uses (Sommers 1996). These
forests cover about one-third of the United States, and between 490 and 500 million acres
are classed as commercid timberlands.

In accounting for the location of carbon in forest ecosystems, studies indicate that 61%
resdesin the soil, 8% in the forest floor (litter and humus), 1% in the understory, and

29% inthetrees. Of the carbon in trees, 50% isin the trunks (boles), 17% in roots, 3% in
foliage, and the remaining 30% in other parts like branches, twigs, bark, etc. (Birdsey
1996, Birdsey and Heath 1997).

Forestsin the United States currently serve as aggnificant carbon sink — absorbing more
carbon than they release (Joyce and Birdsey in Press). Since about 1952, growth of
forestsin the United States has exceeded timber removals (through timber harvest),
enough to offset 25% of U.S. emissons for the same period (Birdsey and Heath 1997).
Nationd forests have followed this pattern, particularly during the past 10 — 15 years, as
harvest levels have declined from past levels, especidly in the Pacific Northwest.

Role of U.S. Forestsin the Internationa Arena: In June 1992, representatives from 172
countries gathered at the Earth Summit in Rio de Janeiro to discuss environmentd issues.
The United Nations Framework Convention on Climate Change (FCCC) was adopted to
achieve*...gabilization of greenhouse gas concentrations in the atmosphere a aleve
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that would prevent dangerous anthropogenic interference with the climate sysem. Such
alevel would be achieved within atime frame sufficient to dlow ecosystems to adapt
naturdly to climate change, to ensure food production is not threatened, and to enable
economic development to proceed in a sustainable manner.” The nonbinding god of the
Convention was “to return emissons of greenhouse gassesto their 1990 levels by theend
of the decade.” In October 1993 the United States responded with the U.S. Climate
Change Action Plan (CCAP), a callection of nearly 50 individua programs covering
emissions reductions, energy efficiency, and productivity enhancementsincluding

forestry activities (Clinton and Gore 1993).

Asafollowup to the FCCC, a series of Conference of Parties (COP) mesetings were held.
The third Conference of Parties (COP3), held in Kyoto, Japan, in December of 1997
produced an agreement known as the Kyoto Protocol. Under the agreement the United
Statesis bound to reduce emissions of greenhouse gasses by 7% below 1990 levelsin the
2008 to 2012 time frame. Participating countries raised concerns on how to comply with
actionsin the protocol. The FCCC asked the Intergovernmental Pand on Climate
Change (IPCC) to develop a specia report on the land use changes and forestry issues
under discusson. Some of their recommendations addressed forestry activitiesin the
United States. Four mitigation strategies and adaptive management drategiesin the
CCAP specificaly address forestry actions. The first two actions are designed to increase
carbon sinks. Interestingly, both are aimed at non-indudtrid private forests rather than
Federd forests: (1) Reduce the depletion of nonindustrial private forests, and (2)
Accderate tree planting on nonindudtria private forests. The second two actions are
designed to smultaneoudy increase carbon sinks and directly reduce emissions: (3)
Accelerate source reduction, pollution prevention, and recycling, and (4) Expand cool
communities programsin cities and Federd facilities. Thethird action has the most
relevance on NFS lands.

Mitigation Strategies:
Increase afforestation — stocking unstocked lands
Improve forest management through increased net growth and more efficient
forest harvest
Expand use of wood for energy in place of fossl fuels
Maintain carbon storage in forest soils
Substitute wood for other products that require manufacture with fossil fuels or
are more energy intengve than forest products
Recycle wood and paper products to save energy

Adaotlve Management Strategies:
Diversfy forest management to emphasize localized forest uses best adapted
to that Ste and loca conditions
Manage for resilient forest ecosystems, recognizing that the principle adaptive
opportunities involve forest ecosystem designs that are responsive to
environmental stresses
Emphasize high vaue natural ecosysemsthat are at high risk from dimeate
change.
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Managing Forests to Maximize Carbon Accumulation (Snk enhancement) and Minimize
Carbon Loss (emission reduction): A number of forest management methods are of
particular interest in managing nationa forests and grasdands with some relevance to
inventoried roadless aress.

Increase the area of forest lands, particularly stocking currently unstocked

lands

Increase stocking levels of currently understocked lands

Thin or perform other activities to increase growth rates of overstocked and

sagnant stands (mechanicd, fire, etc.)

Reduce losses from wildfire, particularly severe, stand-replacing fires

(Sampson and Clark 1996)

Management of Harvest L evels and Rotation Lengthr The literature contains
consderable discusson concerning harvest levels and the amount of time a stand of trees
is dlowed to grow before find harvest (rotation length). Severd generd themes emerge
from this discussion:

To mantain carbon storage rates, letting existing stands grow while providing
protection from lossesis a reasonable strategy (Row 1996).

20% to 35% of the forest biomass ends up in long-term storage after harvest
(wood products, landfills, etc.), while the remainder is released to the atmosphere.
Reducing harvest level can cause a short-term increase in the amount of carbon
stored in forests because releases of carbon to the atmosphere during removal of
biomass and wood processing are avoided (Heath and Birdsey 1993, Heath and
others 1996, Birdsey and others 2000).

To increase carbon storage over the long term, a continuous cycle of harvest,
efficient utilization of biomass, and regrowth of young, vigorous trees on highly
productive lands can sequester more carbon than letting existing stands grow
without harvesting (Row 1996).

Conversdly, remova of mature or old-growth stands to begin such cycles can
produce the opposite effect; net carbon emissons will ensue for many decades
following theinitia stand harvest. Harvest of mature forests followed by
reforestation does not gppear to offer net carbon sequestration benefits (Shulze
and others 2000)

Effects of Harvest Levelson NFSlands: Birdsey and others (2000) conclude that
“Foredtry activities that directly or indirectly result in emissions reductions may play an
important role in the ability of the United States to meet itsinternational commitments to
reduce greenhouse gasses.” While this may be true at the nationa scale, the ddivery of
forest products from NFS lands today is ardatively smdl part of the nationd totals. For
example, NFS lands provided only 5% of the harvest across dl ownershipsin the nation
in1996. Projections show that nationa forests are planning to offer from 3 to 4 billion
board feet of timber each year from 2000 to 2004. Of that total, planned timber offer
from inventoried roadless areasis about 220 million board feet per year, between 5% and
7% of the projected total NFS offer, or about 0.3% of the planned annua nationa harvest
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from dl ownerships. It is clear that the planned timber offer from inventoried roadless
areas compared with the annua harvest in the United Statesisa smdl fraction.

Sizable reductionsin timber harvest over the past 10 to 15 years from Federd lands,
particularly lands managed by the USDA Forest Service, will likely result in more
sequestered carbon on those lands for severa future decades. Thisis especially notable
in the Pacific Northwest, but also holds true for other regions. Thisincrease in sored
carbon will likely be offset, however, due to compensating increases in harvest on other
lands, mogt notably private (industrid and nonindustrid) lands, primarily in the South,
and increased harvest and imports, largely from Canada (USEPA 1995). Thus, ona
globa scale, the effect of the planned offer from inventoried roadless areas is
inggnificant.

None of the dternatives will have a measurable impact on globa climate change, carbon
sequestration, or related concerns for the following reasons:
- Theplanned annua harvest offer in inventoried roadless areas is 6% of the
planned annua nationd forest timber offer; and
The planned annua nationd forest timber offer is roughly 5% of the likely annud
timber offered across the nation on al ownerships; therefore,
The planned annud timber offer in inventoried roadless areas is gpproximately
0.3% of the likdly annua timber offer for the nation; and
Any planned reductionsin harvest from inventoried roadless areas will likely be
offset by increased imports or accelerated harvest from other forest ownerships.

Alternative 1 — No Action

Effects on air quality resources under Alternative 1 would be mixed. Emissons from road
congtruction, recongtruction, and use would present asmdl but chronic air pollution
impact, particularly where inventoried roadless aress are adjacent to Class | areas. Smoke
particles are smal and can travel great distances once airborne. Increasing access into
inventoried roadless areas would likdly facilitate additiond prescribed burning to treat
hazardous fuels and for other resource management purposes. Although smoke generated
from these burns may affect Class | areas, the smoke events from prescribed burns are
more predictable and manageable (compared to wildland fires) due to adherence to gtrict
burning guiddines. The increased access may result in additional human-caused fires,
particularly at the wildiand-urban interface. In non-attainment aress, increased access and
use may require mitigation measures.

Alternative 2

This dternative would prohibit roughly 75% of future roading and associated 73%
decrease in timber offer in inventoried roadless areas, thus concentrating the expected
increased public use on existing roads. This could increase vehicle emissons and dust
aong exigting roads rather than digpersing them dong the larger network of roads as
under Alternative 1. Concentrating emissions on existing roads could increase impacts
where these roads are in or near non-attainment aress. This aternative would diminate
most emissions from the new roads adjacent to Class | aress.
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Alternative 3

Timber harvest and hazardous fud treatments that could be accomplished without road
access would gtill proceed under this dternative. Smoke from prescribed and wildland
firewould likely be smilar to that under Alternative 2. Impacts from road- generated
emissons would be the same as under Alternative 2.

Alternative 4

There would be adight increased risk of large wildland fires, particularly in the dry pine
and fir typesin the Intermountain West, and the large quantities of smoke they generate
under this dternative. The effects from road emissons are the same as under
Alternative 2.

Effects of Social and Economic Mitigation on
Water, Soil, and Air Resources

These exceptions would increase the number of miles allowed to go forward from 293 to
358 (662 miles with the Tongass Nationa Forest exemption) under Alternatives 2, 3, and
4. The effects of road congtruction associated with these exceptions would be smilar to
those previoudy described under Alternative 1. The beneficia effects related to
prohibition on road congtruction under Alternatives 2, 3, and 4 would, therefore, be
somewhat less than previoudy described.

It isimpossible to predict the amount or location of road reconstruction that would be
excepted for reasons of public health and safety. Realignment or upgrade of roads would
likely result in additiona ground disturbance, but it is unlikely thet the environmental
effects of such reconstruction would substantially expand the area affected beyond that of
the origind congruction, especidly given the current emphas's on environmentaly
sengtive design and use of BMPs. Such recongtruction could, however, result in changes
in the kinds and amount of human usesin an area. Provided that conservation of other
roadless characteridicsis given strong emphasisin the project design and mitigation, this
recongtruction would not be likely to result in additiona substantia long-term ecologica
changes.

Edtimates indicate that few miles of road congtruction would be excepted for Federd Aid
Highway projects over the next 5 years in inventoried roadless areas. There is no reason
to anticipate a substantial increase in the future. Only one 6-mile project is currently
planned on the Chugach Nationd Forest. While this project may have locd effects on the
characteristics and vaues associated with the affected inventoried roadless ares, this
limited leve of activity would not result in a subgtantial change in the overdl

environmenta effects of the aternatives.

Six naiond forests and grasdands in five regions have identified 59 miles of road tied to
21 projects during the 2000 through 2004 time frame related to the exploration or
production of leasable minerd materids such as oil and gas, cod, phosphate, and
geotherma energy. Regions most affected by this additiona mileage are: Region 2 (38
miles) and Region 9 (12 miles). Environmenta effects of these road miles, should they be
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built, are the same as effects for other roads in Smilar terrain. There is no certainty
whether exploration activities conducted through access provided by these roads will
eventually lead to development and production of mineral resources. If development does
take place, effects on water, soil, and air resources can be substantid at the development
dte and around related facilities. Consderable literature exists addressing these effects
(Nelson and others 1991; FISRWG 1998). However, these development activities are
subject to stringent environmenta analysis, mitigation, monitoring, and evauation
measures at the local level before, during, and after project implementation.

Potentid near future geotherma development activity associated with inventoried
roadless areas gppears limited. Only one forest anticipated lease gpplications in the next 5
years, with three miles of associated temporary road construction. Although the
magnitude of effects from geotherma exploration and development would be dependent
on avariety of factors, impacts from such activities do not currently appear to pose
substantial or widespread risks to water, soil, or ar resources.

Oil and gas exploration and development activity within inventoried roadless aress is
anticipated on four national forestsin the next 5 years, with an estimated 34 miles of road
congtruction for leasing and possible development. The demand for these resourcesis
increasing nationally and may indicate additiond interest in thiskind of activity within
inventoried roadless areas on these four forests and other NFS lands. The associated road
sysemswould likely account for a substantial portion of potentid environmentd effects.
Other effects of these activities would be determined by the location and size of areas
disturbed, the duration of the activity, mitigation measures used for environmentd
protection including containment of toxic materials used in the drilling process, the type
and effectiveness of Ste reclamation, and the overdl levd of exploration and
development activity within an area.

One nationd forest identified 17 miles of roads associated with five cod exploration and
leasing projects with possible eventud development of underground mining operations.
Another nationd forest identified 5 miles of road with five phosphate leasing and
permitting activities with potentid for surface mining activities. The cod developments

are anticipated to be subsurface and therefore, the environmental impact would involve
few disruptions to surface resources and inventoried roadless values except as associated
with roads. However, subsurface mining can disrupt surface water quaity through release
of acid waters from openings and runoff from tailing piles. The proposed expansion of
phosphate mining is an open pit operation and therefore, poses higher risks to water
quantity and drinking water source areas, channel morphology, soil loss, sedimentation,
and soil productivity.

Environmentally, gpplication of the sociad and economic mitigation measuresto the
prohibition dternatives would diminish the potentia beneficid effects of a prohibition on
road congtruction and recongtruction, given the greater amount of area disturbed and the
kinds of activities enabled. Depending on a variety of factors, leasable mining activities
supported by road access would potentialy have detrimental effects to water, soil, and air
resources. However, at current levels of activity and given the gpplication of best
management practices, the potential extent of these activities and their impacts do not
appear to be widespread, and it is unlikely that most effects would extend much beyond

39



Physical Resources Specialist Report Roadless Area Conservation FEIS

local levels. Decisions on whether to permit such activities, and if so, what environmenta
mitigation measures would be required, would be made using current planning and
decision-making processes. Overal, even with application of these measures,
Alternatives 2, 3, and 4 would gtill provide important benefits relative to water, soil, and
alr resources.

Other Indirect and Cumulative Effects on
Water, Soil, and Air Resources

Introduction: The following discusson evduates the cumulative effects of the
prohibition aternatives on water, soil, and air resources as described by the seven
measures highlighted below. This analys's discusses past, present, and reasonably
foreseeable actions and their effects of the four prohibition dternatives.

Measures. The environmenta andlysis for weter, soil, and air resources uses seven
measures to assess the effects of the dternatives. (1) Water quantity and timing, (2)
Water qudity and drinking water source aress, (3) Channel morphology, (4) Soil loss,
sedimentation, and Site productivity, (5) Landdides, (6) Fire effects on watersheds and
Burned Area Emergency Rehabilitation, and (7) Air resources.

Drivers There are two levels of factors that “drive’ the andyss of effects on the
measures.
Primary Driver:
Population: The population of the United States is projected to climb from
286 million in the year 2000 to 400 million in the year 2040
Secondary Drivers.
- Road condruction and recongtruction: miles
Timber offer volume: million board feet
Large wildfires. number per year
Recreation use: devel oped and dispersed
Minerds, oil & gas. exploration and development

Spatia Scales: This cumulative effects analysis looks primarily a adminidrative scaes
but aso discusses these in context of watershed scales since most effects on measures

(except air resources) are assessed on awatershed basis.

Administrative Scales. The andysslooks a three main levels of scde (1) Inventoried
roadless aress, (2) Nationa Forests and Grasdands, and (3) Nationdly (Note: Air
resources are also viewed in agloba scale)

Watershed Scales: These scaes view the effects of actions on the measures in terms of
hydrologic units as defined by the United States Geologic Survey (USGS). The USGS
divides the nation into four progressvely smdler subdivisons of watersheds. The nation
isdivided into 21 major regions (1¥ leve). These regions are further subdivided into 222
subregions (2" level), then into 352 accounting units (3% level, now caled basins), and
findlly into over 2000 catdoging units (4™ level, now called subbasins). For
adminigtrative purposes, the Forest Service further subdivides these subbasins into

40



Roadless Area Conservation FEIS Physical Resources Specialist Report

watersheds (5" level), and further into subwatersheds (6™ level). These various levels of
subdivisons are referred to as “hydrologic units’ and numerica codes are use to describe
these divisions, cdled “hydrologic unit codes’ or “HUCS’. Each successive leve is
identified using a 2-digit code. A 1% level HUC (region) will have two digits while a 5™
level HUC (watershed) will have ten digits.

Using the Pecific Northwest as an example, the Pacific Northwest Region covers most of
Oregon, Washington, Idaho, and western Montana (HUC 17). One subdivision of this
region is the Lower Snake River Subregion, which occupies 35,200 square miles of
eastern Oregon and Washington and western Idaho (HUC 1706). A further divison of
the Lower Snake River isthe Sdmon River Basin, covering 14,000 square miles of 1daho
(HUC 170602). The Sdmon River is then subdivided into subbasins, one of which isthe
1310 sguare mile South Fork Samon River (HUC 17060208). The Payette Nationa
Forest further divides this into administrative watersheds, such as the 131 square mile
East Fork of the South Fork Salmon River (HUC 1706020804).

The direct and indirect effects of management actions on the measures are detected a
different spatid scdes. Some are detected most easily within the bounds of the
inventoried roadless area, which are generaly at the 6" and 5" level HUCs. Other effects
will continue off the inventoried roadless area into the genera forest areaor even off the
forest to other ownerships at the 4™ level HUC. It is highly unlikely any effectswill be
detectable at 3 level or larger HUCs.

Many inventoried roadless areas are either in the headwaters of stream systems or are
immediately downdope of rdatively undisturbed areas such as Wilderness. Thisis
particularly true in the West. In these geographic positions, inventoried roadless areas
have specid vaue because they produce high quaity weater on that site or ddliver that
water for downstream users. Even though other uses within the watershed and other
ownerships downstream may degrade the quality of water onceit leaves the inventoried
roadless areg, it may have particular value on-Site, such as habitat for fish, a source of
clean water for irrigation, or akey recreationd resource. Where inventoried roadless
areas may be surrounded by roaded areas, amore typica Stuation in many parts of the
East, the hedlthy landscapes provided by inventoried roadless areas may provide an oasis
within otherwise heavily used watersheds.

Unlike water and soil resources, air resources are not confined to watershed boundaries.
Activitiesthat effect air resources can trave to the area of concern from long distances,
ether from within the nationd forest or grasdand, or from many miles outsde the area.
Pollutants such as dust or smoke generated within an inventoried roadless area may travel
scores or hundreds of miles outside the local area depending on wind speed, direction,
and other parameters. Equaly important is the impact of pollutants (smoke, dugt,
chemicals, etc.) generated outside of inventoried roadless areas that reduce air, water, and
soil qudity withinthe area. Air quaity on Forest Service lands may be compromised to
the point that needed land treatments, like prescribed fire, can not be undertaken.

Time Scde: Three specific time frames are used for thisandyss. The 5-year time frame
(2000-2004) degpicts present and short-term future action and effects. The 20-year (2020)
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and 40-year (2040) time frames depict the reasonable foreseeable future of actions
proposed in the aternatives.

Effects of Drivers on Measures, Past and Present Actions: At the 4™ level and larger
watersheds, which includes both Nationa Forest and many other land ownerships, awide
variety of land uses over many decades have draméticaly dtered natural processesin
most watersheds in terms of water, soil, and air resources. Growing populations and the
related desire for goods and services has fuded the following activities:

Congtruction, maintenance and use of transportation facilities have occurred
across the nation. These include private, locd, county, Sate, and federa
highways, aswell as arports, rail lines, and other infrastructure.

Traditiona agricultura activity such as grazing of domestic livestock and row
cropping, aswell asrapidly expanding enterprises such as large-scae poultry and
confined anima feeding operations such as feedlots.

Timber management, fueled largely by increased demand for housing and paper
products

Congtruction and operation of hydrologic modifications such as dams and levees
(nationwide) and water withdrawals for irrigation and other uses (largely in the
West)

Indugtria expangon, primarily in the Eagt, but dso accderating in a some western
locations such as Denver, Sat Lake City, Phoenix, Boise, and Albuquerque.
Elimination or reduction of naturd fire cycles (most dramdtic in the West)
Widespread development of ail, gas, cod, and minera resources have impacted
watersheds across the nation.

Recreation activities, both devel oped and dispersed, have expanded across the
nation on many land ownerships. Many are directly related to water resources.
Urbanization and sub-urbanization across the nation.

Affects of Reasonably Foreseeable Future Actions on Measures by Alternative:

Trendsin key activities that Affect Water, Soil, and Air Resources.

Transportation: FS roads program will focus on: (1) shifting emphasis from building

new roads to recongtructing needed existing roads, (2) maintaining existing needed roads
to proper standards, and (3) decommissioning unneeded roads. Tota mileage will drop

to between 260,000 and 300,000 miles, depending upon funding, over next 20 — 40 years.
Transportation fadilities outside FS lands, but within 4™ level watersheds, will continue to
expand for urban, suburban, rurd, industria, resource management, recreationa, and
smilar uses.

Timber harvest: Increasng population will drive growing markets for wood products.
The FSwill continue to offer between 3 and 4 billion Bd. Ft. for sdle annually over the
next 40 years. Thistrandatesinto adecreasing share of the U.S. and world market over
time. Harvest on non-FS lands within the 4" level watersheds, particularly inthe
Southeadst, will likely increase to offset relatively low FS offer volumes. Imports from
Canada and other nations will likely continue to rise to meet demand.
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Fire: The average annud number of fireswill likely remain constant but some increese

in the percentage of large, damaging wildfiresis expected. Suppresson success will
likely keep 98 percent of wildfires smdl with little damage, but fires that escape are more
likely to grow in 9ze and severity, requiring alarger effort to rehabilitate those burned
areas. Fireson non-FSlands, both public and private, will likely have the same trends as
those on FS lands.

Recreation: Demand for devel oped and dispersed recreation opportunities on dl lands
will continue to increase. Larger numbers of people, increasing age of the population,
shiftsin ethnic mixes, and other demographic changes will dter demands on FS lands.
The FSwill continue to provide dispersed recreation opportunities that non-public lands
cannot provide. However, the demand for motorized and developed facilities will
continue on FS lands as well.

Minerals, Oil & Gas: Risng populations will continue to drive expanded demand for dl
kinds of minerds and oil and gasfrom dl lands. Requests for exploration on FS lands
will continue aswill extraction of known materids. Exploration and devel opment of
amilar resources off FSlandswill likely increase as well to meet demand.

Land Use: Land outside FS boundaries will experience accelerated use for additiona
housing, schools and smilar infrastructure, business and industry, transportation

facilities, etc. These useswill increase the likelihood of impacts on water, soil, and air
resources a al watershed levels. Home congruction at the wildland- urban interface will
continue, even a the 5" and 6 level watersheds on inholding properties, and particularly
along watercourses and similar desirable locations. Road access to those residences,
particularly those located in and adjacent to riparian areas and floodplains, can directly
impact streams through increased sedimentation, loss of shade, stream crossings, and
hardening of runoff surfaces.

Measure 1 - Water Quantity and Timing:
Past and Present Actions:

The multitude of land uses discussed above on non-NFS lands have modified natura
flow regimes by generdly increasing average annua water yields and dtered natura
flood leves, timing, and frequency. Where significant land clearing or hardening of
surfaces has occurred, peak flows or rapid ddivery of water may have destabilized
channels and caused bank erosion and locdized flooding. Clearing of forests for non-
forestry uses such as expansion of housing, industry, and transportation are trending
upward in mogt parts of the nation.

There has been comparatively little activity in inventoried roadless areas to change water
flow or timing from naturd levels. Considerable activity on forest lands outside of
inventoried roadless areas has dtered land suface and cover enough to modify naturd
levels of flow and timing.

Future actions;
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Alternative 1. Incrementa changesin flow timing and flood flows would be most likely

in and possibly downstream from inventoried roadless areas in the arid and semi-arid
portions of Regions 1 and 4. Changesin average annud water yield would be most likely
within inventoried roadless areas and downstream on other forest landsin high
precipitation zonesin Regions 5, 6, and 10. No incremental measurable changes would
be expected beyond the forest due to the compounding effects of flow from other land
USES.

Alternative 2. Decreased levels of timber harvest and road congtruction and
recongtruction would reduce the number of opportunities to detect changes in average
annud flows, flood flows, or flow timing. For the harvesting and roading that does
occur, effects would be smilar to those in Alternative 1.

Alternative 3. Cumulative effects would be smilar to thosein Alternative 2 but with
fewer opportunities for these effects to occur since timber would be offered for sale only
for stewardship purposes.

Alternative 4. Few incrementa cumulative effects would be likely except for the dight
probability of increased volume and flood flows from areas burned by large wildfires.

Measure 2 - Water Quality and Drinking Water Source Areas.
Past and Present Actions:

Thelarge variety and number of land use activities such as agriculture, resdentid and
industrial congtruction, timber harvesting, transportation construction have increased
overd| sediment, nutrients, and temperature loadings above natura levelsto most water
bodies downstream of nationa forest boundaries. Most contributions of pollution from
forestry are in the form of sediment with some concerns for nutrients and temperature.
Agriculture, urban development, and other industrial uses contribute sediment and
nutrients but aso other pollutants such as heavy metals, pesticides, and oils and grease.
Where these pollutants are upstream of nationa forests and grasdands, a situation more
common in Regions 8 and 9, degraded waters may lower the qudity of water on the
Forest Servicelands. In the more common Stuation where Forest Service lands occupy
headwaters locations, high quality water leaving Forest Service lands flows through other
ownerships where activities may add pollutants and degrade water quaity for an array of
beneficid uses, including human consumption, recreetion, and habitat for aquatic species.
On forest lands outside of inventoried roadless areas, change in water quaity parameters
can be attributed to awide array of multiple use activities. Within inventoried roadless
aress, various forms of recrestion, livestock grazing, and fire and other activities continue
and may reduce water qudlity.

Future Actions:
Alterndtive 1. Incrementa changesin water quality would most likely be detected within

inventoried roadless areas and possibly downstream into other lands within the forest but
should not be detectible off the forest due to the interaction of pollutants coming from
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other ownerships and land uses. Regions 10, 4, and 1 would be mogt likely to experience
any water quality effects, largely from timber harvest levels and associated road
congtruction and recongtruction. The probability of effecting drinking water source areas
would be dependent on the proximity of the individua land-disturbing activity to the
withdrawa point for the water supply.

Alternative 2. Due to the decreased roading and related timber harvesting, fewer
opportunities would exist to dter water quality in inventoried roadless areas or on forest
lands outsde these areas. Where these activities would occur, incremental changesin
water quality or impacts on drinking water source areas would likely not be detectible
below the forest boundary.

Alternative 3. Cumulative effects would be smilar to thosein Alternative 2 but with
fewer opportunities to impact water quality since timber would be offered for sale for
stewardship purposes.

Alterndtive 4. Few incrementa cumulative effects would be likely except where the
dight probability of increased large wildfires result in additiond soil loss and nutrient
mobilization, both within inventoried roadless areas and downstream on and off the
forest.

Measure 3 - Channe Morphology:
Past and Present Actions:

Past land uses off national forests and rangelands have combined to dter channel shape
through changesin sediment loads, water yields, and flood flows and frequencies. In
many aress these effects have destabilized streambeds and channdls, resulting in a shift
from dynamic equilibrium to ungtable channds undergoing readjustment to new sediment
and water volumes. Thiseffect is particularly pronounced where large areas have been
cleared or hardened for urban development, agriculture, or trangportation systems, or
flow levels modified viairrigation withdrawas or trans-basin diversons. Few streams
beyond forest boundaries are truly unatered from their natura conditions. These
changes are less pronounced on the nationd forests, particularly in inventoried roadless
aress that have seen limited ground-disturbing activity.

Future Actions;

Alternative 1. Incrementa changes in channd morphology would be most likely where
activities occur in inventoried roadless areas and possibly on adjacent nationd forest
lands. Increased road crossings and sediment additions from road construction and re-
routing drainage aong roads would present the highest concern, particularly in Regions
10, 4, 2, and 1 since they project the most road activity. Incrementa changesin channd
morphology off nationa forests would be unlikely.

Alternative 2. Reduced levels of roading and related timber harvest would decrease the
opportunity for activitiesin inventoried roadless areas to dter stream morphology.
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Where these activities would occur the effects would be similar to those under
Alternative 1.

Alternative 3. Cumulative effects would be smilar to those under Alternative 2 but with
fewer opportunities for these effects to occur since timber would only be offered for
stewardship purposes.

Alternative 4. Few incrementd cumulative effects would be likely except where the
dight possihility of increased large fires could incresse eroson and sediments that could
move from inventoried roadless areas downstream to other national forest lands and

beyond.

Measur e 4 - Soil Loss, Sedimentation, and Site Productivity:
Past and Present Actions:

Past ground-disturbing land uses across the US have resulted in soil losses, reduced ste
productivity and delivery of sediment to stream systems. On lands outsde nationd

forests and grasdands, urban and suburban devel opment, agriculture, expanding
transportation infrastructure, slvicultura operations and other land uses are the most
common source of these impacts. On NFS lands, past uses have caused some of the same
effects as those at the larger scale dthough the effects of urbanization and industrid uses
arelimited.

Current land uses in watersheds beyond the nationd forest level continue to cause some
s0il loss, sedimentation, and reductions in soil productivity. Increasing urban sprawl,
expanding trangportation networks, and smilar uses are entering into formerly rurd
landscapes. On nationd forests and grasdands, traditiond roading and timber harvest
have declined considerably while disturbances from other uses such as OHV activity are
increasing.

Future Actions;

Alternative 1. Losses of soil and Ste productivity would be most likely a the individud
inventoried roadless area level but seldom beyond. Some sediment increases generated
from activities in inventoried roadless areas may remain detectible at the nationd forest
level but would rarely be detectible beyond the forest due to additions from other land
ownerships and land uses. Regions 10, 4, 2, and 1 would be the most likely to experience
localized sediment increases, due largdly to planned road activity.

Alternative 2. Incrementally increased surface erosion and decreasesin soil productivity
would be likely only at the project level within inventoried roadless areas but not beyond.
Sediments generated from eroson may travel onto nationa forest lands but would likely
not be detectible past forest boundaries.

Alternative 3. Cumulative effects would be smilar to those in dternative 2 but with
fewer opportunities to occur as aresult of further reduced timber harvesting.
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Alternative 4. Few incrementa cumulative effects would be likely beyond inventoried
roadless areas except for the additiona dight probability of effects both on Ste and
downstream from additiond large fires.

Measure5 - Landsides:
Past and Present Actions,

Landdides have been mgor sources of sedimentation at al watershed scalesin many
locations in the western US and a few rare occasions in the East. Past road construction
from forestry operations, timber harvesting and urban development have triggered
landdides in steeper terrain, particularly in high landdide risk aress such asthe Idaho
bathalith, the Sierra Nevada, and southeast Alaska. These past occurrences provide a
continuous supply of sediment to stream systems, often causing channd aggradetion,
flooding, eroded stream banks, and loss of habitat complexity in Streams.  Roads
constructed across step terrain for urban development and mgor highways also caused
increased landdide, mudflows, debris avdanches and other hazards to human life,
property and aguatic resources. Large and damaging wildfires have aso reactivated or
initiated landdides in some areas of the West, such asin centrd Idaho and northern
Cdifornia

Some urban development, highway, and road construction on non Forest Service lands
dtill fail to recognize landdide hazards and dedl with them properly. At the nationd
forest and grassand level, reduced timber harvests and road construction, coupled with
BMPs and more modern design criteria, have reduced landdide incidence substantialy.
Many current landdide problems continue to occur in relation to roads and activities
implemented before new designs became widespread. The decommissioning of many

unneeded roads has helped reduce the incidence of landdides dong old roads but the lack

of maintenance funding in generd has alowed many existing roads to increase
vulnerability to landdides. Many remaining inventoried roadless areas are in areas of
high landdide susceptibility where successful implementation of BMPswill prove
chalenging under even idedl circumstances.

Future Actions.

Alternative 1. Within inventoried roadless aress, landdide activity would be most likely
to increase in high-risk geologic formationsin Regions 1, 2, 4, and 10. Some landdide
debris may be detectible downstream on the nationa forest but would not likely to be
detectible beyond these lands.

Alternative 2. Significant reductions in roading and related timber harvest would reduce
the opportunities for landdide-related impacts to occur. Where they occur, effects would
be smilar to those described under Alternative 1.

Alternative 3. Decreasesin timber harvesting opportunities would further reduce the
probability of landdides causng incrementa effects off NFS lands.
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Alternative 4. Some dight opportunity would exist for increasesin large fire activity in
inventoried roadless aress, with possble increasesin landdides. Debris from these dides
would impact inventoried roadless areas and may be detectible on national forests but
would likely not be detectible beyond that level.

M easur e 6 - Fire Effects and Emergency Burned Area Rehabilitation:
Past and Present Actions:

Large and damaging wildfires have had sgnificant effects on water, soil, and ar

resources for many yearsand at dl scaes. Effects may be detectible many miles
downstream from large fires. A sizable and growing program designed to rehabilitate
severdly burned areas has had some success in preventing extensve downstream
damages from these events but much remains to be learned to increase success to protect
lives and property.

Future Actions:

Alternatives 1, 2, and 3. No increased incidence of fire activity in generd or largefiresin
particular would be expected. No increases in on-site or downstream effects would be

expected.

Alterndtive 4. A dightly elevated probability of large firesin inventoried roadless aress
would increase the likelihood of effectsin inventoried roadless areas, on adjacent
nationa forests, and possibly onto lands immediately downstream from nationa forests.

Measure 7 - Air Resour ces;
Past and Present Actions:

Unlike water and soil resources, effects on air resources reach beyond watersheds, having
multi- sate impacts. Until passage of the Clean air Act, ar qudity in many parts of the
nation, from urban to rural areas, wasin decline. Smoke and other particulates, exhaust
emissons from vehicles, industria pollution, and other sources were causing notable
damages. Emissions from sites off national forest lands caused measurable damage to
critical resources on nationa forests and grasdands. Pollutants originating on Forest
Service lands, such as smoke from wild or prescribed fires, were reducing air quality on
other lands.

Implementation of current management guiddines to protect air quality have made
progress, with particular focus on Class | areas. Limits on prescribed burning are making
progress in managing smoke from these fires but concern exists about how these
guiddineswill affect our ability to implement increased acreages of prescribed fire for
fuels and other trestments. Predictions of increased numbers of large wildfireson
multiple ownerships in the West raise concerns about the likelihood of increased smoke
from those incidents.
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Therole of the US asanation in accelerating globa climate change is under intense
debate. Our high use of foss| fuds at the national scale, combined with and other
activities that produce greenhouse gasses, is of congderable concern. Little evidence
exigs, however, to implicate management of NFS lands as amgjor contributor to this
problem ether nationdly or globdly.

Future Actions:

Alternative 1. Impacts on air quaity from road construction and use and timber sde
activity would be detectable only &t the locd level. Poor ar quality entering Class| areas
from nor+nationa forests lands would make identification of sources difficullt.

Incrementd additions to globa climate change and carbon sequestration would not be
detectable.

Alternative 2. Subgtantia reductions in roading and related timber harvest would result
infew, if any, incrementd changesto air qudity beyond thelocd levd. Emissonsfrom
outside sources would make it difficult to detect impacts from the activitiesin inventoried
roadless areas. Incrementa additionsto globa climate change and carbon sequestration
would not be detectable.

Alternative 3. Further reduction in timber harvest levels decrease the likelihood of
activities in inventoried roadless areas producing detectible impacts to air qudity ether in
inventoried roadless areas, on the surrounding nationa forest, or off the forest.
Incremental additionsto globa climate change and carbon sequestration would not be
detectable.

Alternative 4. The dightly increased likdlihood of large fires would devate the
probability of smoke from wildfires impacting air resources on-ste in inventoried
roadless areas as well as on the surrounding forest and non-nationd forest lands.
Incrementa additions to globa climate change and carbon sequestration would not be
detectable.
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Glossary

Afforestation — The establishment of aforest or stand in an area where the preceding vegetation
or land use was not forest

Basal area — The cross-sectional area of al stems of a species or al stemsin a stand measured at
breast height (4.5 ft. or 1.37 m. above the ground) and expressed per unit area of land (e.g., 25 s0.
ft. per acre).

Best management practices (BMPs) — A practice or usualy a combination of practicesthat are
determined by a State or a designated planning agency to be the most effective and practicable
means (including technological, economic, and ingtitutional considerations) of controlling point

and nonpoint source pollutants at levels compatible with environmental quality goals.

Class| air quality areas— Nationa Forest System Wilderness areas, national parks, or nationa
wildlife refuges greater than 5,000 acresin size, designated prior to the establishment of the

Clean Air Act Amendments of 1977. Class | areas can dso include lands designated by tribes or
States. These areas serve as benchmarks for monitoring changesin air quaity over adjacent lands.

Criteria air pollutants— A group of common air pollutants (such as carbon monoxide,
particulate matter, or ozone) regulated by the Environmental Protection Agency (EPA) on the
basis of criteria (information on health and/or environmental effects of pollution). Criteria ar
pollutants are widely distributed across the country.

Decommissioning — Demoalition, dismantling, removal, obliteration, or disposal of a deteriorated
or otherwise unneeded asset or component, including necessary cleanup work. This action
eliminates the deferred maintenance needs for the fixed asset. Portions of an asset or component
may remain if they do not cause problems or require maintenance.

Domestic water sour ces— Watersheds containing National Forest System lands that provide
surface waters to facilities that treat and distribute water for domestic purposes. These purposes
include normal household uses such as drinking, food preparation, bathing, washing clothes and
dishes, watering lawns and gardens, and similar uses.

Dynamic equilibrium — A natural state of stream stability when channel features persist over
time within arange of conditions. Dynamic equilibrium uses a series of saf-correcting
mechanisms that allow the ecosystem to contrd external stresses or disturbances, thereby
maintaining a self-sustaining condition. For example, a stream is able to consistently transport its
sediment load, both in size and type, associated with local deposition and scour.

Fireintensity — The rate at which fuel is consumed and heat is generated.

Fire severity — Denotes the scale at which vegetation and a Site are altered or disrupted by fire,
from low to high. It is a combination of the degree of fire effects on vegetation and on soil
properties.

Fuels — Living and dead parts of trees and shrubs, organic material and surface material that can
readily burn in awildfire,
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Fuels treatment — The rearrangement or disposal of fuels to reduce fire hazard or to accomplish
other resource management objectives.

Landing — A cleared area in the forest to which logs are yarded or skidded for loading onto
trucks for transport

M ajor water shed (sub-basins) — Fourth-level Hydrologic Unit Codes (HUCSs), as defined by the
U. S. Geologic Survey. Formerly known as ‘ cataoging units'.

Point Source Pollution: Any discernible, confined and discrete conveyance, including but not
limited to any pipe, ditch, channd, tunnel, conduit, well, discrete fissure, container, rolling stock,
concentrated animal feeding operation, or vessal or other floating craft, from which pollutants are
or may be discharged.

Nonpoint Sour ce Pollution- Nonpoint source pollution comes from many diffuse sources and is
caused by rainfal or snowmelt moving over and through the ground. As the runoff movesit picks up
and carries away natura and human-made pollutants, depositing them into lakes, rivers, wetlands,
coastal waters and underground sources of drinking water. Examples of these pollutants include:
sediment, nutrients, bacteria from livestock and faulty septic systems and other toxic chemicals such as
oil and grease (EPA-841-F-94-005, 1994).

Non-attainment areas— Geographic areas in which the level of acriteria air pollutant is higher
than the level allowed by the federal standards. A single geographic area may have acceptable
levels of one criterion air pollutant but unacceptable levels of one or more other criteria air
pollutants; thus, an area can be both attainment and non-attainment at the same time.

Prescribed burning — The fire management technique of purposdly igniting afire in a vegetated
ecosystem to restore forest health and to reduce fire hazard.

Scheduled timber harvest — The quantity of timber planned for sale during a specified time
period from the area of suitable land covered by aland management plan. Scheduled timber
harvest accomplishes the alowable sale quantity.

Sediment — Solid materids, both mineral and organic, in suspension or transported by water,
gravity, ice, or air; may be moved and deposited away from their origina position and eventudly
will settle to the bottom.

Skid road (skid trail) — An access cut through the woods for skidding.

Total Maximum Daily Load (TMDL) — A cdculation of the maximum amount of a pollutant
that a water body can receive and still meet water quality standards, and an allocation of that
amount to the pollutant’ s sources.

Wildland fire — A lightning- or human-caused fire that is either being suppressed or, if lightning-
caused, allowed to burn (see Wildland Fire Used for Resource Benefit). Often used
synonymoudy with ‘wildfire’ or ‘forest fireg’.

Yard — To convey logs or treesto alanding, particularly by cable, balloon, or helicopter logging
systems.
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